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PEEFAOE. 


Although  the  modem  railway  system  is  but  about  fifty 
years  old,  yet  its  growth  has  been  so  rapid,  and  the  progress 
in  the  science  of  railway  construction  so  great,  as  to  render  the 
earlier  technical  books  on  this  subject  inadequate  to  the  needs 
of  the  engineer  of  to-day. 

In  the  course  of  his  practical  experience  as  a  railway  engi- 
neer, the  author  was  strongly  impressed  with  the  want  of  a 
more  complete  hand-book  for  field  use,  and  finally  concluded, 
at  the  solicitation  of  his  friends,  to  undertake  the  preparation 
of  the  present  volume. 

The  aim  in  this  work  has  been : 

First — To  present  the  general  subject  of  railway  field  work 
in  a  progressive  and  logical  order,  for  the  benefit  of  beginners. 

Second — ^To  classify  the  various  problems  presented,  so  that 
they  may  be  readily  referred  to. 

Third — To  embrace  discussions  of  all  the  more  important 
practical  questions  while  avoiding  matters  non-essential. 

Fourth-^To  employ  throughout  the  work  a  uniform  and 
systematic  notation,  easily  understood  and  remeniibered,  so 
luat  after  one  perusal  the  formula)  may  be  intelligible  at  a 
glance  wherever  referred  to. 

Fifth — To  express  the  resulting  formula  of  everv  problem 
in  the  shape  best  adapted  to  convenient  numerical  compiu- 
tation. 

Sixth — To  furnish  a  large  variety  of  useful  tables,  more  com- 
plete and  extended  than  any  heretofore  published,  especially 
adapted  to  the  wants  of  the  field  engineer. 

An  elementary  knowledge  of  algebra,  geometry  and  trigono- 
metry on  the  part  of  the  reader  has  been  taken  for  granted,  as 
a  command  of  these  instrumentalities  is  deemed  essential  to 
the  education  of  the  civil  engineer.  The  few  references  to 
mechanics,  analytical  geometry,  optics  and  the  calculus  may 
be  assumed  correct  by  those  not  conversant  with  these 
branches. 
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Many  of  the  problems  in  curves  are  new,  yet  there  is  hardly 
one  that  has  not  presented  itself  to  the  author  in  the  course  of 
his  practice.  The  investigation  of  the  valvoid  curve  is  original, 
and  though  the  mathematical  discussion  is  somewhat  difficult, 
yet  the  resulting  formulae,  taken  in  connection  with  Table  X, 
are  exceedingly  simple  and  convenient  for  the  solution  of  a 
certain  class  of  problems. 

The  treatment  of  compound  curves  is  novel  and  exhaustive. 
A  few  genei-al  equations  are  established,  which,  by  slight 
modifications,  solve  all  the  problems  that  can  occur. 

No  discussion  of  reversed  curves  is  given,  because  these  are 
inconsistent  with  good  practice,  except  in  turnouts,  under 
which  head  they  are  noticed. 

The  chapter  on  levelling  includes  a  discussion  of  stadia 
measurements,  with  practical  formulae.  The  chapter  on  earth- 
work contains  a  review  of  several  methods  for  calculating 
quantities,  and  states  the  conditions  under  which  these  suc- 
ceed or  fail  in  giving  correct  results. 

Among  the  tables,  numbers  3,  5,  6,  10,  18,  19,  26.  and  29 
axe  original.  The  adoption  of  versed  sines  and  external 
secants  throughout  the  work,  wherever  these  would  simplify 
the  formulae,  rendered  necessary  the  preparation  of  tables  of 
these  functions.  The  table  of  logarithmic  versed  sines  and 
external  secants  has  been  computed  from  ten-plaoe  logarithmic 
tables  of  sines  and  tangents,  so  that  the  last  decimal  is  to  be 
relied  on,  and  no  pains  have  been  spared  to  make  the  table 
thoroughly  accurate. 

Tables  numbers  4,  7,  8,  9,  11,  12,  13,  14  and  30  have  been 
recalculated,  enlarged,  and  some  of  them  carried  to  more  deci- 
mal places  than  similar  tables  heretofore  published.  The 
intention  has  been  to  give  one  more  decimal  than  usual,  so  that 
in  any  combination  of  figures  the  result  of  calculation  might 
be  reliable  to  the  last  figure  usually  required. 

The  tables  which  have  been  compiled  and  rearranged  are 
numbers  1,  2,  15,  16,  17,  24,  25  and  31.  The  tables  of  log. 
sines  and  tangents  here  given  are  the  only  six-place  tables 
which  give  the  differences  correctly  for  seconds.  The  table 
of  logarithms  of  numbers  is  accompanied  by  a  complete  table 
of  proportional  parts,  which  greatly  facilitates  interpolation 
for  the  fifth  and  sixth  figures. 

In  all  the  tables,  whether  new  or  old,  scrupulous  care  has 
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been  taken  to  make  the  last  figure  correct,  and  the  greatest 
diligence  has  been  exercised  by  various  checks  and  compari- 
sons to  eliminate  every  error.  It  is,  therefore,  hoped  and 
believed  that  a  very  high  degree  of  accuracy  has  been  ob- 
tained, and  that  these  tables  will  be  foimd  to  stand  second  to 
none  in  this  respect. 

The  preparation  of  this  work  has  extended  over  several 
years,  as  time  could  be  spared  to  it  from  other  engagements. 
It  is,  therefore,  the  expression  of  deliberate  thought,  based  on 
experience,  and  as  such  is  submitted  to  the  judgment  of 
brother  engineers.  If  it  shall  prove  to  have  even  partially 
met  the  aim  herein  announced,  and  so  shall  serve  to  smooth 
the  way  of  the  ambitious  student,  or  to  assist  the  expert  in  his 
responsible  duties,  the  labors  of  the  author  will  not  have  been 
in  vain.  Wm.  H.  Seables,  C.E. 

Nkw  Tosk,  March  Ist,  188a 
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CHAPTER  I. 
Reconnoissancb. 

1.  The  engineering  operations  requisite  to  and  preceding  the 
construction  of  a  railroad  are  in  general: 

The  Reconnoissancb, 

The  Preliminaky  Survey,  and 

The  Location. 

2.  The  Beconnoissance  is  a  general  and  somewhat  hasty 
examination  of  the  country  through  which  the  proposed  road 
is  to  pass,  for  the  purpose  of  noting  its  more  prominent 
features,  and  acquiring  a  general  knowledge  of  its  topography 
with  reference  to  the  selection  of  a  suitable  route.  The 
judicious  selection  of  a  route  may  be  a  very  simple  or  com- 
plex problem,  depending  on  the  character  of  the  topography, 
and  more  especially  on  the  direction  of  the  streams  and  ridges 
as  compared  with  the  general  direction  of  the  proposed  road. 

3-  A  road  running  along  a  water-course  is  most  easily 
located.  In  this  case  the  choice  is  to  be  made  merely  between 
the  two  banks  of  the  stream,  or  between  keeping  one  bank 
continuously  and  making  occasional  crossings.  When  the 
stream  is  small  it  will  usually  be  found  best  to  cross  it  at 
intervals,  the  advantage  of  direct  alignement  outweighing  the 
cost  of  bridging;  but  when  the  stream  is  of  considerable  size 
the  solution  of  the  problem  is  hot  so  obvious,  requiring  patient 
comparison  of  results  in  the  two  cases  to  determine  whether  to 
cross  or  not,  while  in  the  case  of  the  larger  rivers  crossing 
may  be  out  of  the  question. 

When  there  is  a  choice  of  sides,  both  banks  should  be 
traversed  by  the  engineer  on  reconnoissance,  and  while  exam- 
ining in  detail  the  one  side  he  should  take  a  general  and  com- 
prehensive  view  of  the  other.  Only  thus  can  he  gain  a  complete 
knowledge  of  either  side.  The  points  to  be  considered  are  the 
relative  value  of  the  property  on  either  side,  the  number  and 
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siae  of  tributary  streams,  and  probable  cost  of  crossing  them, 
the  cost  of  graduation  as  affected  by  the  amount  and  character 
of  the  material  to  be  removed,  and  the  liability  to  land  slides, 
the  amount  and  degree  of  curvature  required,  and  the  proba- 
ble revenues  which  the  road  can  command.  If,  in  respect  to 
these  points,  one  bank  of  the  stream  gives  the  more  favorable 
result  all  the  way,  the  question  is  decided  at  once;  but  in 
case  the  greater  inducements  are  found  on  either  bank  alter- 
nately, as  usually  happens,  the  propriety  of  bridging  the 
stream,  with  the  costs  and  advantages,  must  be  considered  as 
an  additional  element  in  the  problem. 

4.  When  no  water-course  offers  along  which  the  road  may 
be  located,  the  difficulties  of  selecting  a  route  are  increased, 
and  these  usually  become  greatest  when  the  streams  are  found 
to  run  about  at  right  angles  to  the  direction  of  the  road.  Val- 
leys and  ridges  are  to  be  crossed  alternately,  involving  the 
necessity  of  ascending  and  descending  grades,  diverting  the 
road  from  a  stmight  line,  and  increasing  the  distance  and  cur- 
vature. The  engineer  must  now  seek  the  lowest  points  on  the 
ridges,  and  the  highest  banks  at  the  stream  crossings,  in  order 
to  reduce  as  much  as  possible  the  total  rise  and  fall,  but  these 
points  must  be  so  chosen  relatively  to  each  other  as  to  admit 
of  their  being  connected  by  a  grade  not  exceeding  the  maxi- 
mum which  may  be  allowable.  The  intervening  country 
between  summit  and  stream  must  usually  be  carefully  exam- 
ined, even  on  reconnoissance,  to  determine  where  the  assumed 
grade  will  find  sustaining  ground  at  a  reasonable  expense  for 
graduation  and  nght  of  way. 

In  selecting  stream  crossings,  regard  should  be  had  not  only 
to  the  height  of  the  bank,  but  also  to  the  character  of  the  bot- 
jtom,  its  suitability  for  foundations,  and  its  liability  to  be 
^washed  by  the  current.  The  direction  and  force  of  the  cur- 
rent  should  be  observed,  and  its  behavior  during  freshets,  and 
the  extremes  of  high  and  low  water  ascertained,  if  possible. 
An  approximate  estimate  of  the  cost  of  bridging  may  be  made. 

5.  The  engineer  should  not  only  seek  the  best  ground  on  the 
route  first  assumed,  but  should  have  an  eye  to  all  other  possi 
ble  routes,  holding  them  in  consideration  pending  his  accu- 
mulation of  evidence,  and  being  ready,  finally,  to  adopt  that 
one  which  promises  the  greatest  ultimate  economy.  He  should 
be  able  to  read  the  face  of  the  country  like  a  map,  and  to 
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carry  in  his  mind  a  continuous  idea  or  image  of  any  line  he  is  ex- 
amining, so  as  to  judge  with  tolerable  accuracy  of  the  influence 
any  one  portion  of  the  line  may  have  on  another  as  to  align- 
ment and  grade,  even  though  many  miles  apart  In  the  success- 
ful prosecution  of  a  reconnoissance  he  must  depend  mainly  on 
his  own  natural  tact  and  a  judgment  matured  by  experience. 

6.  The  engineer  will  bring  to  his  aid  in  the  first  place  the 
most  reliable  maps,  and  those  drawn  on  the  largest  scale.  The 
jtctional  niaps  of  United  States  surveys  will  be  found  very 
iseful  when  they  exist.  In  addition  to  these  it  is  often  desirar 
bie  to  prepare  a  map  on  a  scale  of  one  or  two  inches  to  a  mile, 
on  which  will  be  drawn  the  principal  features  of  the  country 
to  be  traversed,  such  as  streams,  roads,  towns,  and  the  princi- 
pal ridges,  if  known,  but  leaving  the  further  details  to  be  filled 
in  by  the  engineer  as  he  progresses.  Such  a  map  furnishes  a  cor- 
rect scale  for  his  sketches,  and  saves  much  valuable  time,  as  he 
has  only  to  sketch  what  the  map  does  not  contain,  and  occa- 
sionally to  make  corrections  when  he  finds  the  map  to  be  in 
error.  He  also  notes  on  the  map  the  governing  points  of  the 
route,  such  as  the  best  crossings  of  streams,  ridges,  or  other 
roads,  and  any  point  where  the  line  will  evidently  be  com- 
pelled to  pass.  He  may  then  indicate  the  route  by  a  dotted 
line  on  the  map  drawn  through  the  governing  points.  Having 
traversed  the  route  in  one  direction  he  should  retrace  his  steps, 
verifying  or  correcting  his  observations,  and  making  such 
further  notes  as  seem  important  When  in  a  densely  wooded 
country,  with  but  few  openings,  it  may  be  imi)ossible  for  him 
to  get  a  commanding  view  from  any  point  that  will  afford  him 
the  necessary  information  as  to  the  general  topography.  He 
must  then  depend  largely  upon  instrumental  observations, 
taking  these  more  frequently,  and  noting  carefully  all  details 
likely  to  prove  useful  in  future  surveys. 

7.  The  instruments  required  on  an  extended  recon- 
noissance are  the  barometer  and  thermometer,  the  hand  or 
Locke  level,  a  pocket  or  prismatic  compass,  and  a  telescope  or 
strong  field-glass.  To  these  may  be  added  a  telemeter  for 
measuring  distances  at  sight,  but  when  good  maps  are  to  be 
had  this  instrument  is  seldom  needed.  So  also  some  portable 
astronomical  instruments  are  necessary  in  a  new  country,  for 
determining  latitude  and  longitude,  but  would  only  be  a  use- 
less incumbrance  in  a  settled  district. 
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8.  The  mercurial  barometer  has  generally  been  relied  upon 
for  the  determination  of  heights,  but  owing  to  its  inconvenient 
dimensions  and  the  danger  of  breaking,  it  is  now  discarded  by 
railroad  engineers  in  favor  of  the  more  portable  aneroid 
barometer,  except  in  the  case  of  trans-continental  surveys, 
and  when  astronomical  instruments  are  to  be  used  also. 

9.  The  best  aneroids  are  designed  to  be  self  compen- 
sating for  temperature,  so  that  with  a  constant  atmospheric 
pressure  the  reading  shall  be  the  same  at  all  temperatures  of  the 
instrument.  This,  however,  being  a  very  delicate  adjustment, 
is  not  always  successfully  made,  so  that  each  instrument  is  lia- 
ble to  have  a  small  error  due  to  temperature  peculiar  to  itself. 
This  error  will  be  found  rarely  to  exceed  one  hundredth  of  an 
inch,  plus  or  minus,  per  change  of  ten  degrees  Fah.,  and  is 
frequently  much  less  than  this.  Just  what  the  error  is  in  a 
particular  instrument  may  be  determined  by  careful  compari- 
son with  a  standard  mercurial  barometer  at  the  extremes  of 
temperature,  assuming  the  error  found  as  proportional  to  the 
difference  of  temperature  for  all  intermediate  degrees  of  heat. 
The  error  having  been  determined  for  any  aneroid,  it  should 
be  applied,  with  its  proper  sign,  to  every  reading  to  obtain 
the  true  reading. 

The  sizes  generally  used  are  If  and  2|  inches  in  diameter, 
respectively,  and  experience  seems  to  prove  that  there  is  no 
advantage  in  using  larger  sizes,  but  rather  the  contrary. 

10.  The  ordinary  barometric  formulae  and  tables  have  been 
prepared  with  reference  to  the  mercurial  barometer.  In  order 
tliat  they  may  apply  to  the  aneroid,  it  is  necessary  that  the 
latter  should  be  adjusted  to  read  inches  of  mercury  identically 
with  the  mercurial  column  at  the  sea  level  at  a  temperature  of 
32°  Pah.  But  as  the  aneroid,  unlike  the  mercurial  column, 
requires  no  correction  for  latitude,  nor  for  the  variation  in  the 
force  of  gravity  due  to  elevation,  that  portion  of  the  formula 
which  provides  for  such  corrections,  as  well  as  that  which 
provides  for  a  correction  due  to  the  temperature  of  the 
instrument  itself,  may  be  omitted  when  using  an  aneroid. 
Thus  the  general  formula  is  very  much  simplified,  and  be 
comes 
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ID  which  h,  and  h'  are  the  readings  of  the  aneroid  in  inches, 
ind  t^  and  t  the  readings  of  a  Fahrenheit  thermometer  at  the 
lower  and  upper  of  any  two  stations  respectively,  and  z  is  the 
difference  in  elevation  in  English  feet  of  those  stations. 

To  facilitate  the  calculation  of  heights  by  this  formula,  we 
may  write 

Log  ^  60384.3  =  [log  h,  -  log  /*']  60384.3 

«d  since  only  the  difference  of  the  logs,  is  required,  this  will 
attt  be  affected,  if  we  subtract  unity  from  each.  The  quan- 
tities in  Table  XV.  are  prepared,  therefore,  by  the  formula 

Gog  h-l)  60384.3 

for  every  x^Stf^I^s  of  an  inch  from  19  inches  to  31  inches. 

Table  XVI.  contains  values  of    '      ,.,.7. for  every  de- 

900  -^ 

grte  of  {t^  4-  t')  from  20^  to  200°  Fah. 

11.  To  find  the  difference  in  elevation  of  any  two  stations  by 
tie  tables  : 

Take, the  difference  of  the  quantities  corresponding  to  7i^  and 
K  in  Table  XV.  as  an  approximation,  and  for  a  correction 
multiply  this  difference  by  the  coefficient  corresponding  to 
[t^  -\- 1),  in  Table  XVI.,  adding  or  subtracting  the  product 
according  to  the  sign  of  the  coefficient. 

Example, — 

Lower  Sta.  Upper  Sta. 

in.  in. 

Aneroid  h,  =  29.92  h'  =  23.57 

Thermometer  t,   =  77°.6  f  =  70°.4 

By  Table  XV.  for  29.92  we  have  28741 

for  23.57  22485 


Difference  6256 
By  Table  XVI.  for  77.6  +  70.4  =  148  we  have  +  .0933 
Then  6356  X  .0933  =  583.6848 

and  6256  +     584  =  6840  ft.  =  z.—Ans. 

12.  Certain  precautions  are  to  be  observed  in  the  use  of  the 
aneroid.  When  the  index  has  been  adjusted  to  a  correct 
reading  by  means  of  the  screw  at  its  back,  it  should  not  be 
meddled  with  until  it  can  again  be  compared  with  a  standard 
mercurial  barometer,  and  even  then  some  engineers  prefer  to 
take  note  of  its  error,  if  any,  rather  than  disturb  the  aneroid. 
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Again,  since  the  principle  of  compensation  supposes  thel 
aneroid  to  have  a  uniform  temperature  throughout  its  parts,  it 
must  be  guarded  against  sudden  changes,  as  otherwise  the 
metallic  case  will  be  considerably  heated  or  cooled  before  the 
change  can  affect  the  inner  chamber,  thus  inducing  very  erro-i 
ncQus  results.  The  aneroid,  therefore,  should  seldom  be  taken! 
from  its  leather  case,  nor  exposed  to  any  radiant  heat  of  sun 
or  fire,  nor  worn  so  near  the  person  as  to  increase  its  tempera- 
ture above  that  of  the  surrounding  atmosphere.  If  removed 
to  an  atmosphere  of  decidedly  different  temperature,  time 
must  be  allowed  for  the  aneroid  to  be  thoroughly  permeated 
by  the  new  degree  of  heat.  The  aneroid  should  be  held  with 
the  face  horizontal  while  being  read;  it  should  be  handled  care- 
fully, and  all  concussions  avoided,  and  it  should  be  compared 
with  a  standard  as  often  as  practicable  to  make  sure  that  it 
has  suffered  no  derangement.  Observing  these  precautions, 
and  having  a  really  good  aneroid,  the  engineer  should  obtain 
excellent  results  in  the  estimation  of  heights.  It  has  been 
found  that  the  slight  error  in  compensation,  previously  alluded 
to,  is  subject  to  a  change  during  the  first  year  or  two  after  the 
instrument  is  made,  but  subsequently  it  becomes  quite  per- 
manent. 

13.  For  the  purpose  of  obtaining  approximate  elevations  by 
a  simple  inspection  of  the  dial,  the  modem  aneroid  is  provided 
with  a  secondary  scale  reading  hundreds  of  feet,  which  is 
placed  outside  the  scale  of  inches.  It  is  divided  according  to 
the  following  formula  prepared  by  Prof.  Airy: 

,  =  55032  j^^jp;r[l  + jo^g / 

in  which  it  is  evident  that  no  correction  for  temperature  is 
required  when  the  average  temperature  of  the  two  stations  is 
50°.  When  the  two  scales  are  engraved  on  the  same  plate  the 
zero  of  the  scale  of  feet  is  coincident  with  31  on  the  scale  of 
inches;  but  in  some  aneroids  the  scales  are  on  two  concentric 
plates,  so  that  the  zero  of  one  may  be  made  to  coincide  with 
any  division  of  the  other,  which  is  in  some  respects  an  advan- 
tage. 

14.  The  theory  of  the  barometer,  as  expressed  in  the  above 
formulae,  assumes  the  atmosphere  to  be  at  rest,  and  its  pres- 
ure  affected  only  by  temperature,  whereas,  in  fact,  the  pres- 
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sQie  at  any  point  is  liable  to  sudden  changes  dne  to  variations 
in  the  force  of  the  wind,  the  amount  of  humidity,  etc.  The 
best  way  to  eliminate  errors  due  to  these  causes  is  to  take  read- 
ings simultaneously  at  the  points  the  elevations  of  which  are 
to  be  compared.  For  this  purpose  an  assistant  should  be 
stationed  at  some  point  of  known  elevation  contiguous  to  the 
route  to  be  surveyed,  and  provided  with  an  aneroid  similar  to 
'iiat  carried  by  the  engineer.  The  aneroids,  time-pieces,  and 
Jiermometers  having  been  compared  at  this  point,  the  assist- 
int  should  record  the  readings  every  ten  minutes,  with  the 
rime,  temperature,  and  state  of  the  weather.  The  engineer 
will  thus  have  a  standard  with  which  to  compare  his  own 
ol^ervations.  If  the  survey  is  so  extended  that  the  same  con- 
ditions of  atmosphere  are  not  likely  to  be  experienced  by  the 
two  observers,  the  assistant  should  be  instructed  to  move  for- 
ward to  a  new  station  at  a  designated  time;  or  two  assistants 
may  be  employed,  one  at  each  of  two  stations  between  which 
the  engineer  intends  to  make  a  reconnoissance.  Even  with 
these  precautions  no  attempt  should  be  made  to  obtain  the  ele- 
vation of  Important  points  during,  or  just  before,  or  after  a 
Btorm  of  wind  or  rain. 

1&.  When  but  one  aneroid  is  used  the  observations  at  the 
several  stations  should  be  taken  as  nearly  together  as  possible 
in  point  of  time,  and  then  repeated  in  inverse  order,  taking 
the  mean  of  the  observations  at  each  station,  and  repeating  the 
whole  operation  if  necessary.  Only  approximate  results  can 
be  hoped  for,  however,  with  a  single  instrument,  unless  the 
atmospheric  conditions  are  very  favorable. 

lO.  Tlie  Locke  Level  is  an  instrument  in  which  the 
bubble  and  the  observed  object  may  be  seen  at  the  same  instant, 
enabling  the  operator  to  keep  the  instrument  horizontal,  while 
holding  it  in  the  hand,  like  an  ordinary  spy-glass.  While 
very  portable,  it  enables  the  observer  to  define  rapidly  all  visi- 
ble points  of  the  same  elevation  as  his  own,  and  to  estimate 
from  these  the  relative  heights  of  other  points.  It  may  be 
made  useful  in  a  variety  of  ways  which  easily  suggest  them- 
selves to  the  engineer  in  cases  where  no  great  precision  is 
required,  and  where  a  more  elaborate  level  is  not  at  hand. 

17.  Tbe  Prismatic  Compass  is  a  portable  instrument 
with  folding  sights,  in  using  which  the  bearing  to  an  object 
may  be  read  at  the  same  instant  that  the  object  is  observed 
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The  bearings  are  read  upon  a  floating  card,  graduated,  ari 
numbered  from  zero  to  360**,  so  that  no  error  can  be  made  i 
substituting  one  quadrant  for  another.  The  instrument  may  t 
held  freely  in  the  hand  during  an  observation,  though  l>ett^ 
results  are  obtained  by  giving  it  a  firm  rest. 


CHAPTER  11. 

I 

Pbeliminary  Subvey. 

18.  A  preliminary  survey  consists  in  an  instrumental  exam 
ination  of  the  country  along  the  proposed  route,  for  thi 
purpose  of  obtaining  such  details  of  distances,  elevationsj 
topography,  etc.,  as  may  be  necessary  to  prepare  a  map  and 
profile  of  the  route,  make  an  approximate  estimate  of  the  cosi 
of  constructing  the  road,  and  furnish  the  data  from  which  tc 
definitely  locate  the  line  should  the  route  be  adopted.  The 
survey  is  more  or  less  elaborate,  according  to  circumstances. 
In  case  the  country  is  new,  or  the  reconnoissance  has  been 
incomplete,  or  if  several  routes  seem  to  offer  almost  equal 
inducements,  the  survey  will  partake  somewhat  of  the  nature 
of  a  reconnoissance,  and  will  be  made  more  hastily  than  if  buti 
one  route  is  to  be  examined,  and  that,  perhaps,  presenting 
serious  engineering  difficulties.  The  isurvey  is  made  as  expe- 
ditiously as  possible,  consistent  with  general  accuracy,  but 
should  not  usually  be  delayed  for  the  sake  of  precision  in 
matters  of  minor  detail. 

19.  For  preliminary  survey  the  Corps  of  engineers  is 
organized  as  follows: 

A  chief  engineer,  an  assistant  engineer,  two  chainmen,  one 
or  two  axemen,  a  stakeman,  and  a  topographer,  these  forming 
the  compass  (or  transit)  party,  to  which  a  flagman  is  some- 
times added;  a  leveller  and  one  or  two  rodmen,  forming  the 
level  party ;  and  to  these  is  sometimes  added  a  cross-level  party 
of  two  or  three  assistant  rodmen. 

20.  The  chief  engineer  takes  command  of  the  corps, 
and  directs  the  survey.  He  ascertains  or  estimates  the  value 
of  the  lands  passed  over,  the  owners'  names,  and  the  boundary 
lines  crossed  by  the  line  of  survey.    He  examines  all  streams, 
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and  estimates  the  size  and  character  of  the  culverts  and 
bridges  which  they  will  require;  he  notices  existing  bridges, 
and  inquires  concerning  their  liability  to  be  carried  away  by 
freshet;  he  selects  suitable  sites  for  bridges,  examines  the 
character  of  the  foundations,  the  direction  of  the  current  rela- 
tively to  that  of  the  line,  and  considers  any  probable  change 
in  the  direction  of  the  current  during  freshets ;  he  inspects  the 
Tarioas  soils,  rocks,  and  kinds  of  timber  as  they  are  met  with, 
ffld  takes  full  notes  of  all  these  and  kindred  items  in  his  field 
cook.  He  not  unfrequently  assumes  in  addition  the  duties  of 
topographer.  He  should  run  his  line  as  nearly  as  may  be  over 
the  ground  likely  to  be  chosen  for  location,  so  that  the  infor- 
mation obtained  may  be  pertinent,  and  so  that  the  length  of 
the  line,  the  shape  of  the  profile,  and  the  estimate  based  on 
the  survey  may  approximate  to  those  of  the  proposed  location. 
To  this  end  he  has  due  regard  to  the  levels  taken,  and  when 
they  show  that  the  line  as  run  fails  to  be  consistent  with 
allowable  grades,  he  either  orders  the  corps  back  to  some 
proper  point  to  begin  a  new  line,  or  makes  an  offset  at  once 
to  a  better  position,  or  contiftues  the  same  line  with  some 
deflection,  simply  noting  the  position  and  probable  elevation 
of  better  ground,  as  in  his  judgment  he  thinks  best.  He 
should  at  all  times  maintain  a  friendly  attitude  toward  pro- 
prietors, and  by  his  polite  bearing  endeavor  to  secure  their 
cordial  support  of  the  new  enterprise.  If  he  is  tolerably  cer- 
tain that  the  location  will  follow  nearly  the  line  of  the  prelim- 
inary survey,  he  should  have  with  him  some  blank  deeds  of 
right  of  way,  and  let  these  be  signed  by  land-owners  while 
they  are  favorably  disposed.  When  this  cannot  be  done,  a 
blank  form  of  agreement  to  allow  the  surveys  and  construc- 
tion of  the  road  to  proceed  until  such  time  as  the  terms  of 
right  of  way  may  be  agreed  upon  may  be  made  very  useful. 
The  chief  also  selects  quarters  for  his  men,  and  in  case  of 
camping  out  he  directs  the  movements  of  the  camp  equipage. 
21.  The  assistant  engineer  takes  the  bearings  of  the 
courses  run,  and  makes  a  minute  of  them,  with  their  lengths,  or 
the  numbers  of  the  stations  where  they  terminate.  He  sees  that 
the  axemen  keep  in  line  while  clearing,  and  the  chainmen 
while  measuring;  he  takes  the  bearings  of  the  principal  roads 
and  streams,  and  of  property  lines  when  met  with.  In  an 
open  country  he  may  save  time  by  selecting  some  prominent 
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distant  object  toward  which  the  chainmen  measure  without  hia 
assistance,  while  he  goes  forward  and  prepares  to  take  the 
bearing  of  the  course  beyond.  In  traversing  a  forest  with  not 
too  dense  undergrowth,  when  the  line  is  being  run  to  suit  the 
ground  according  to  a  given  grade,  it  is  a  good  plan  for  the 
assistant  to  go  ahead  of  the  chainmen  as  far  as  he  can  be  seen, 
select  his  ground,  take  his  bearing  by  backsight  on  the  last 
station,  and  then  have  the  chainmen  measure  toward  him.  In 
this  case  both  he  and  the  head  chainman  should  be  provide(| 
with  a  good  sized  red  and  white  flag,  mounted  on  a  straight 
pole,  to  be  waved  at  first  to  call  attention,  and  afterward  held 
vertically  for  alignement.  Otherwise  a  flagman  must  be  added 
to  the  party,  who  will  select  the  ground  ahead,  under  the  in^ 
structions  of  the  chief,  and  toward  whom  the  survey  will  pro- 
ceed in  the  usual  manner. 

22.  Tlie  liead  chainman  drags  the  chain,  and  carries  a 
flag  which  is  put  into  line  at  the  end  of  each  chain  length  by  the 
assistant  engineer  or  the  rear  chainman.  It  is  his  duty  to 
know  that  his  flag  is  in  line  and  that  his  chain  is  straight  and 
horizontal  before  making  any  measurement,  and  to  show  the 
stake  man  where  each  stake  is  to  be  driven.  A  stake  is  usually 
driven  at  the  end  of  each  measured  chain  length,  called  aj 
station,  though  in  an  open  and  level  country  the  stakes  at  thei 
odd  stations  may  be  omitted,  in  which  case  marking  pins  are 
used  to  indicate  the  odd  stations  temporarily.  In  case  there 
is  much  clearing  to  be  done  the  head  chainman  plants  his  flag 
in  line,  and  ranging  past  it,  indicates  to  jUie  axemen  what  is 
to  be  cut,  going  a  little  in  advance  through  the  bushes  so  that 
they  may  work  toward  him.  The  head  chainman  should  be  a 
quick,  active  and  strong  man,  with  a  good  eye  and  a  taste  for 
his  work,  as  very  much  of  the  real  progress  of  the  survey 
depends  upon  him. 

23.  The  rear  chainman  holds  his  end  of  the  chain  Arm. 
ly  at  the  last  stake  or  pin  by  his  own  strength,  not  by  means  of 
the  stake.  He  keeps  the  tally  by  the  pins  when  they  are  used, 
and  watches  the  numbers  on  the  stakes  to  see  that  they  are  cor- 
rect. The  end  of  a  course  should  always  be  chosen  at  the  end 
of  a  chain,  if  possible,  and  if  not,  then  at  a  brass  tag  indicating 
tens  of  feet,  as  thus  the  labor  of  plotting  the  map  will  be  much 
lessened.  The  numbering  of  stations  is  not  recommenced 
with  each  new  course,  but  is  continued  from  the  beginning  to 
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the  end  of  the  survey,  through  all  its  courses,  and  if  one 
coarse  ends  Ynth  a  portion  of  a  chain  the  next  course  begins 
with  the  remainder  of  it.  It  is  the  rear  chainman's  duty  to 
attend  to  this,  holding  the  proper  link  at  the  compass  station. 
Any  fraction  of  a  chain  measured  on  the  line  is  called  a  pltts, 
and  is  counted  in  feet  from  the  previous  station.  The  length 
of  an  ofEset  in  the  line  is  never  included  in  the  length  of  the 
line,  but  if  the  line  should  change  its  course  by  a  right  angle, 
s  more,  or  less,  the  numbering  would  go  on  as  usual. 

24.  Tlie  axemen  should  be  accustomed  to  chopping  and 
clearing,  and  are,  therefore,  to  be  selected  in  the  country  rather 
than  the  city.  They  will  cut  out  so  much  of  the  underbrush 
and  overhanging  branches  as  may  interfere  with  the  sight  of 
the  assistant  or  leveller;  but  care  must  be  taken  not  to  cut 
unnecessarily  wide,  and  no  tree  of  considerable  size  should  be 
felled,  except  in  rare  instances.  When  running  by  compass,  if 
the  assistant  goes  ahead  of  the  chain,  he  can  always  select  a 
position  so  that  no  large  tree  will  interfere ;  or,  if  the  line  must 
be  produced  and  strikes  a  tree,  the  compass  may  be  brought  up 
and  set  close  to  the  tree  on  the  forward  side  as  nearly  in  line  as 
can  be  estimated,  the  slight  error  in  offset  being  neglected, 
«Qce  the  line  will  be  produced  parallel  to  itself  by  the  needle. 

2o.  The  stakeman  prepares  and  marks  the  stakes,  and 
drives  them  at  the  points  indicated  by  the  head  chainmaa 
When  no  clearing  is  needed,  the  axemen  keep  him  supplied 
with  stakes,  as  the  rapid  progress  of  the  chain  will  only  give 
him  time  to  drive  them.  The  stakes  should  be  two  feet  long  and 
pointed  evenly  so  as  to  drive  straight,  and  are  blazed  or  faced 
on  two  opposite  sides,  one  of  which  is  marked  in  red  chalk 
with  the  number  of  the  station.  The  stake  must  be  driven 
vertically,  and  with  the  marked  face  to  the  rear,  so  that  it  may' 
be  read  by  the  rodman  as  he  follows  the  line. 

26.  The  topographer  makes  accurate  sketches  of  all 
features  of  the  country  immediately  on  the  line,  and  extends 
the  sketches  as  far  each  side  of  the  line  as  he  can,  in  a  book 
prepared  for  the  purpose.  He  must  never  sketch  in  advance 
of  the  chain,  nor  in  advance  of  his  own  position.  His  work 
should  be  done  to  scale  as  nearly  as  possible,  using  the  same 
scale  for  distances  on  the  line  and  at  right  angles  to  it.  The 
scale  adopted  should  never  be  less  than  that  of  the  map  to  be 
made  from  the  sketches.     The  ruled  lines  of  a  field  book  are 
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usually  one  quarter  of  an  inch  apart)  so  that  a  scale  of  on 
line  to  a  station  equals  about  four  hundred  feet  to  an  incl 
This  is  the  smallest  scale  ever  used.  The  scale  of  two  lines  t 
a  station  is  most  convenient  for  general  use.  Four  lines  to  i 
station  are  needed  in  special  cases  to  show  details,  as  in  pass 
ing  through  villages.  The  scale  may  be  changed  from  time  t* 
time  as  found  necessary,  but  no  two  scales  should  ever  be  use< 
on  the  same  page.  The  numbering  of  the  stations  up  the  pag* 
indicates  the  scale  of  the  sketch. 

27.  When  the  contours  of  the  surface  are  required,  th( 
topographer  may  join  the  level  party  in  order  that  his  esti 
mates  of  heights  and  slopes  may  be  corrected  by  the  instru 
ment.  He  should  never  draw  a  mass  of  contours  indiscrimi 
nately,  but  should  sketch  them  as  they  exist  at  a  uniform  ver- 
tical interval.  This  interval  may  be  assumed  at  five  feet  ic 
a  gently  rolling  country,  and  at  twenty  feet  in  a  mountainous 
one,  but  an  interval  of  ten  feet  will  be  found  most  convenient 
generally.  If  the  topographer  accompanies  the  level  he  can 
{ussume  the  contours  at  the  even  tens  of  feet  in  elevation,  and 
mark  them  so,  noting  where  a  contour  crosses  the  surveyed 
line,  and  sketching  its  direction  and  shape  both  ways  from 
that  point.  He  will  estimate  the  rate  of  slope  of  the  ground 
at  right  angles  to  the  line  as  so  many  feet  per  hundred,  and 
record  it  from  time  to  time,  noting  ascent  from  the  line  on 
either  side  by  "  A, "  and  descent  by  *  *  D. "  If  the  slope  changes 
within  the  limit  of  the  page,  the  line  of  change  may  be 
sketched  and  the  next  slope  recorded.  When  little  banks  or 
terraces  occur,  or  bluffs  and  rocks,  which  cannot  be  suf- 
ficiently indicated  by  contours,  they  should  be  shown  by 
hatchings,  and  the  height  noted.  Special  care  should  be 
taken  to  sketch  roads  and  houses  in  their  correct  positions 
and  dimensions,  the  latter  to  be  either  measured,  paced  or 
estimated.  The  dimensions  should  also  be  recorded  in  num- 
bers. The  outline  of  forests  may  be  shown  by  a  scalloped 
line,  and  the  kind  of  timber,  and  whether  dense  or  scattered, 
written  within  the  inclosed  space.  Correct  outlines  are  essen- 
tial, but  no  time  should  be  given  to  shading  up  a  sketch  with 
conventional  signs.  A  single  sign,  or  the  name  of  the  thing 
intended,  is  all  sufficient.  Land-owners'  and  residents'  names 
should  be  recorded  whenever  they  can  be  obtained,  as  well  as 
the  names  of  roads,  streams  and  public  buildings. 
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28*  Tlie  leveller  takes  charge  of  the  level  party  and 
keeps  the  notes  of  his  work.  He  reads  the  rod  on  benches  and 
at  turning  points  to  hundredths  of  a  foot  and  to  tenths  at  other 
points.  He  should  direct  a  bench  to  be  made  at  least  once 
every  half  mile,  and  in  a  very  rough  country  every  quarter  of 
a  mile.  The  benches  need  not  be  far  from  the  line,  and,  if 
well  chosen,  may  be  used  as  turning  points,  thus  saving  time. 
The  elevation  of  turning  points  must  be  computed  when 
taken,  so  that  the  elevation  of  any  one  of  them  may  be 
instantly  given  when  called  for,  and  the  other  elevations  will 
be  filled  in  as  far  as  may  be  without  delaying  the  survey.  Aa 
the  levels  are  usually  the  most  essential  part  of  the  survey, 
much  care  should  be  taken  to  have  the  instrument  well  ad> 
justed  and  truly  level,  and  the  rod  held  vertically  and  correctly 
read  on  turning  points,  but  the  intermediate  work  should  not 
be  so  done  as  to  delay  the  party  unnecessarily.  The  leveller 
should  use  every  endeavor  to  follow  closely  after  the  survey- 
ing party,  so  that  the  chief  and  topographer  may  have  the 
advantage  of  his  notes. 

29.  Tlie  rodman's  first  duty  is  to  hold  the  rod  vertically, 
and  he  must  learn  to  do  this  in  calm  or  windy  weather,  in  level 
field  or  on  side  hill.  He  may  carry  a  small  disk-level^  which 
applied  to  the  edge  of  the  rod  will  show  when  it  is  verticaj. 
The  turning  points  are  to  be  selected  for  firmness  and  deflnite- 
ness,  and  so  that  they  will  afford  a  clear  view  from  beyond 
for  a  backsight.  The  rod  is  held  for  a  reading  on  the  ground 
at  every  stake,  the  number  of  which  is  called  out  to  the  level- 
ler as  soon  as  the  rodman  arrives  at  it;  the  rod  is  also  to  be 
held  at  every  prominent  change  of  slope  on  the  line,  as  the 
crest  and  foot  of  every  bank,  the  rodman  calling  out  its  dis- 
tance from  the  last  stake  as  plus  so  many  feet,  but  all  gentle 
undulations  and  minor  irregularities  are  to  be  neglected.  The 
rod  will  always  be  read  at  the  surface  of  a  stream  or  pond, 
and  also  at  its  deepest  part  on  the  line,  when  possible;  other- 
wise the  depth  of  the  water  may  be  found  by  sounding,  and 
80  recorded.  Should  the  line  run  along  a  stream  the  surface 
will  be  taken  occasionally,  opposite  certain  stations,  and  in 
case  of  a  canal,  the  elevation  of  surface  above  and  below  each 
lock  must  be  noted.  The  rodman  makes  inquiry  for  higJi^ 
water  marks  or  seeks  traces  of  them  himself  in  an  uninhabited 
district,  and  holds  the  rod  upon  them  that  their  elevation  may 
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be  determined.  The  rodman  carries  a  small  axe  or  hatchet 
with  which  to  make  benches  and  to  trim  out  any  stray 
branch  that  may  intercept  the  leveller's  view. 

30.  The  assistant  rodmen  take  the  slope  and  elevations 
of  the  ground  at  right  angles  to  the  line,  using  vertical  and  hori- 
zontal rods  and  a  pocket  level,  or  a  tape  line  and  clinometer. 
The  cross  levels  are  not  taken  throughout  the  whole  survey,  if 
at  all,  but  only  where  the  roughness  of  the  country  seems  to 
demand  it.  They  may  be  extended  to  any  distance  from  the 
centre  line  required  by  the  chief — not  less,  however,  than  fifty 
feet  as  a  rule.  They  may  be  taken  at  the  stations  only,  or 
oftener,  if  necessary,  depending  upon  the  roughness  of  the 
surface,  the  object  being  to  define  accurately  the  contours, 
and  so  the  shape  of  the  ground.  The  assistant  rodmen  will 
also  take  soundings  when  they  are  needed,  either  on  the  line 
or  at  right  angles  to  it. 

31.  In  defining  the  duties  of  the  members  of  the  corps,  the 
instruments  used  have  been  incidentally  noticed. 

32.  The  compass  is  preferable  to  the  transit  on  prelimi- 
nary surveys,  because  it  can  be  operated  more  rapidly,  is  lighter, 
and  usually  has  a  better  needle.  It  may  have  either  plain 
sights  or  telescope,  and  be  mounted  on  tripod  or  Jacob  staff. 
The  simpler  forms  are  preferred  for  forest  work.  Not  un fre- 
quently the  engineer's  transit  is  employed,  but  using  the  needle. 
A  preliminary  line  should  not  be  run  by  backsights  and  deflec- 
tions, unless  local  attraction  is  found  to  exist  to  such  an  extent 
as  to  destroy  confidence  in  the  needle;  or,  in  special  cases, 
where  the  natural  obstacles  to  a  survey  are  very  great.  In  the 
latter  case  the  survey  partakes  of  the  nature  of  a  location,  and 
should  be  conducted  with  similar  care  and  fidelity. 

33.  The  chain  is  100  feet  long,  and  composed  of  100 
links.  It  should  be  of  steel  for  lightness,  durability,  and  greater 
accuracy.  Those  having  rings  of  hard  steel,  unbrazed,  are 
least  apt  to  wear.  Five  marking  pins  are  needed,  each  having 
a  piece  of  red  fiannel  attached,  for  temporary  stations,  or  for 
keeping  points  temporarily  while  measuring  by  parts  of  a 

.  chain  up  or  down  a  slope.  A.  pointed  plumb  bob,  with  sev- 
eral yards  of  small  cord  wound  on  a  carpenter's  spool,  is  use- 
ful in  chaining  over  steep  declivities  or  bluffs. 

34.  The  axes  should  be  of  best  quality,  with  hand-made 
handles,  and  not  too  heavy.    The  axe  of  the  stakeman  should 


PRELIMINARY    SURVEY.  15 

have  a  fine  edge  for  dressing  and  a  broad  head  for  driving 
the  stakes.  Wlien  the  stakes  are  not  required  to  be  over  two 
feet  long,  a  stout  basket,  having  a  square,  flat  bottom,  26x14 
inches,  should  be  furnished  the  stakeman.  He  will  then  pre- 
pare a  basketful  of  stakes,  ready  marked,  and  place  them  in 
Lhe  basket  regularly,  in  the  reverse  order  of  their  numbers,  so 
that  they  will  come  to  hand  as  wanted.  A  smoM  hand-sato 
no  larger  than  the  basket,  with  rather  coarse  teeth,  wide  set, 
will  be  found  extremely  useful  in  cutting  stakes  with  square 
heads  and  of  uniform  length,  and  much  more  rapidly  than  can 
be  done  A^th  an  axe.  When  not  in  use,  it  is  to  be  strapped  to 
the  inside  of  the  basket,  to  prevent  its  being  lost  by  the  way. 
When  the  basket  is  about  empty,  the  stakeman,  with  the 
assistance  of  the  axemen,  can  soon  replenish  it,  and  the  stakes 
being  all  numbered  at  once,  there  is  less  danger  of  a  mistake 
being  made  in  the  tally  than  when  they  are  marked  only  as 
wanted. 

35.  Tlie  level  should  be  the  regular  engineer's  level,  the 
same  as  used  on  location. 

30.  The  rod  should  be  self -reading,  i.e.,  to  be  read  by  the 
leveller,  as  too  much  time  would  be  consumed  in  the  constant 
adjustment  of  a  target  by  the  rodman.  It  should  be  as  long  as 
can  be  conveniently  handled  in  order  to  reduce  the  number  of 
turning  points  on  hill  sides.  A  very  convenient  rod  may  be 
made  of  thoroughly  seasoned  clear  white  pine,  sixteen  feet 
long  and  two  inches  wide,  with  a  thickness  of  one  inch  at  the 
bottom,  increasing  to  one  and  a  quarter  inches  at  six  feet  from 
the  bottom,  and  then  gradually  diminishing  to  three  eighths  of 
an  inch  at  the  top.  The  rod  is  shod  with  a  stout  strap  of  steel, 
extending  five  inches  up  the  edges,  and  secured  by  screws. 
The  top  is  protected  for  a  few  inches  by  a  plate  of  sheet  brass 
on  the  back.  The  face  of  the  rod  is  a  plain  surface  through- 
out, and  is  graduated  from  the  lower  edge  of  the  steel  shoe  a» 
zero.  The  divisions  are  fine  cuts  made  with  the  point  of  a 
knife.  At  the  foot  and  half -foot  points  the  cuts  extend  across 
the  face.  For  the  tenths  and  half  tenths  they  extend  three 
quarters  of  an  inch  from  the  right  hand  edge,  terminating  in  a 
line  scribed  parallel  to  the  edge  of  the  rod,  thus  forming  rec- 
tangular blocks  half  a  tenth  wide,  every  other  one  of  which  is 
painted  black,  the  body  of  the  rod  being  white.  The  feet  are 
indicated  by  numerals  painted  red  on  the  blank  part  of  the 
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face,  each  figure  standing  exactly  on  its  foot  mark,  and  being 
exactly  one  tenth  high.  For  the  figure  5  the  Roman  V.  is  sub- 
stituted and  for  9  the  Koman  IX.,  so  that  in  case  a  dumpy 
level  is  used  the  5  may  not  be  mistaken  for  a  3,  nor  the  9  for  a 
6.  At  the  half -foot  points  a  red  diamond  is  painted,  so  that 
the  graduated  line  bisects  it.  No  other  figures  nor  gradua- 
tions are  required.  With  this  rod  the  leveller  can  read  quite 
accurately  to  hundredths  of  a  foot,  and  after  some  practice 
can  estimate  the  half  hundredths. 

37.  The  horizontal  rod  for  cross-levels  may  be  made 
of  white  pine,  ten  feet  long  and  one  inch  thick  by  three  wide, 
tipped  with  brass,  painted  white,  and  graduated  to  feet  and 
tenths.  It  must  be  a  straight  edge,  and  is  levelled  by  a  pocket 
level  placed  upon  it  when  needed,  or  by  a  small  level  embedded 
permanently  in  one  edge.  The  vertical  rod  to  be  used  with  it 
is  made  of  pine  eight  feet  long  and  one  and  a  quarter  inches 
square,  and  graduated  to  feet,  tenths,  and  half  tenths.  All 
rods  when  not  in  use  should  be  laid  on  a  flat  surface  to  pre- 
vent their  being  sprung.  Leaning  them  in  a  corner  soon  ruins 
them  for  use.  , 

38.  The  clinometer  is  any  small  instrument  which  will 
measure  the  slope  angle  of  the  surface.  The  angle  is  always 
estimated  from  the  horizon,  a  vertical  being  90°.  The  rise  per 
100  feet  is  found  by  multiplying  the  nat.  tangent  of  the  slope 
angle  by  100.  It  may  often  be  found  more  easily  by  the 
leveller  reading  the  rod  at  a  station  and  then  100  feet  left  or 
right  of  the  line.  If  surface  measures  are  taken  in  connec- 
tion with  a  slope  angle  they  are  reduced  to  horizontal  meas- 
ures by  multiplying  them  by  the  cosine  of  the  slope  angle. 

39.  The  plane-tahle  is  rarely  if  ever  used  on  prelimi- 
nary surveys  in  the  United  States.  Occasional  bearings  taken 
to  prominent  objects  by  the  assistant  engineer,  or  the  use  of  a 
prismatic  compass  by  the  topographer  in  connection  with  his 
sketches,  is  found  to  answer  every  purpose. 

40.  In  ease  a  survey  is  to  be  made  with  a  tran- 
sit, it  is  necessary  to  add  a  back  flagman  to  the  party,  who  will 
hold  his  flag  or  rod  on  the  point  last  occupied  by  the  transit,  so 
that  the  assistant  may  take  a  backsight  upon  it.  The  direction 
of  a  new  course  in  each  case  is  determined  by  the  deflection 
angle  to  the  right  or  left  of  the  preceding  course  produced. 
The  bearing  of  one  long  course  near  the  beginning  of  the  sur- 
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vey  having  been  carefully  ascertained,  the  bearing  of  each  suc- 
ceeding course  is  calculated  from  the  deflections,  and  entered 
in  a  column  of  the  field  book  headed  Calculated  Bearings,  from 
which  the  line  is  afterwards  plotted.  The  magnetic  bearing 
of  each  course  should  also  be  taken  from  the  needle,  and  re- 
corded as  such,  but  is  used  only  as  a  check  on  the  transit 
work.  The  deflections  should  be  made  in  degrees,  halves,  or 
quarters,  if  possible,  to  facilitate  the  calculation  of  bearings, 
and  to  adjuit  of  using  a  traverse  table. 

41.  The  attached  level  and  vertical  arc  of  the  transit  are 
useful  in  determiniug  approximately  the  grade  of  the  line  run 
in  advance  of  the  level  party >  or  in  seeking  for  one  assumed 
grade  to  ^wrhich  it  is  desired  that  the  line  shall  conform.  For 
this  purpose  it  is  only  necessary  to  set  the  vertical  arc  to  the 
angle  corresponding  to  the  grade  as  given  in  Table  XIV. ,  and 
let  the  liead  chain  man  move  about  until  a  point  on  his  rod  at 
the  same  height  from  the  ground  as  the  telescope  is  covered 
by  the  horizontal  cross-hair. 

42.  The  point  on  the  ground  where  a  transit  is  set  up  is 
marked  by  a  good-sized  plug,  flat  headed,  and  driven  down 
flash  with  the  ground,  with  a  tack  set  in  the  head  to  show  the 
exact  point  or  centre.  This  is  called  a  transit  point.  When 
a  transit  point  occurs  at  a  regular  station,  the  stake  bearing 
the  number  of  that  station  is  set  three  feet  to  the  left  cf  the 
line  opposite  the  plug  and  facing  it.  "When  a  transit  point 
occurs  between  stations  the  stake  is  driven  three  feet  to  the 
left  of  it,  marked  with  the  number  of  the  preceding  station 
+  the  distance  from  that  station  in  feet. 

43.  As  a  transit  is  capable  of  giving  a  line  with  great  pre- 
cision, it  is  important  that  the  fla^s  used  in  connection  with 
it  should  be  equally  precise  in  giving  points.  An  excellent  flag 
for  this  purpose  is  made  of  well-seasoned  clear  white  pine  ten 
feet  long,  two  and  a  half  inches  wide,  and  one  inch  thick.  It  is 
tapered  for  the  last  four  inches  to  an  edge  at  one  end,  the  edge 
being  formed  at  the  middle  of  the  width.  The  tapered  end  Is 
shod  with  a  band  of  steel  covering  the  edge  of  the  rod,  and 
secured  by  screws,  and  the  steel  is  brought  to  a  sharp  edge  at 
the  xx>int  of  the  rod.  The  rod  is  then  painted  white  and 
tipped  with  brass  at  the  square  or  upper  end.  A  centre  line 
>)n  the  face  is  then  struck  from  the  point  of  the  steel  to  the 
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middle  of  the  brass  tip  by  means  of  a  piece  of  sewing  silk; 
and  a  fine  cut  made  with  a  knife  and  steel  straight  edge. 
The  centre  line  must  not  be  scribed  parallel  to  one  edge  of  tbe 
rod,  as  this  is  rarely  ever .  straight.  The  face  of  the  rod  is 
then  divided  into  one-foot  spaces,  measured  from  the  head  of 
the  rod,  and  these  are  painted  red  on  either  side  of  the  centre 
line  in  alternate  blocks.  On  the  back  of  the  rod  at  three  and 
a  half  feet  from  the  point  is  placed  a  small  ground-glass 
bubble-tube,  mounted  very  simply,  and  attached  to  the  rod  by 
a  brass  plate  and  screws,  and  guarded  by  two  blocks  of  wood 
for  protection.  The  centre  line  of  the  rod  is  made  vertical  by 
a  plumb-line  while  the  level  tube  is  being  attached,  which  ever 
after  secures  a  vertical  rod.  If  only  two  feet  of  this  rod  can 
be  seen  over  any  obstruction,  a  point  can  be  set  with  great 
precision,  provided  the  level  tube  is  in  adjustment.  This  flag 
can  also  be  used  as  a  plumb  in  chaining  with  much  more 
satisfaction  than  a  cord  and  weight,  especially  in  windy 
weather. 

44.  A  transit  survey  usually  requires  more  clearing  than 
one  made  by  compass.  When  a  given  course  is  to  be  produced 
in  a  forest,  some  large  trees  will  inevitably  be  encountered,  but 
the  labor  and  delay  of  felling  them  may  be  avoided  by  the 
use  of  auxiliary  lines.  These  may  be  classified  as  running 
parallel  to  the  main  line,  at  a  miall  angle  with  it,  or  at  a  large 
angle  with  it. 

45.  The  parallel  line  is  established  by  means  of  two 
short  perpendicular  offsets  measured  with  care  before  reach- 
ing the  obstacle,  and  the  main  line  is  established  beyond  tbe 
obstacle  by  means  of  two  more  equal  offsets.  But  since  short 
back-siglits  are  to  be  avoided,  these  offsets  should  be  at  least 
100  feet  apart,  so  that  it  may  be  difficult  to  find  a  parallel  line 
of  sufficient  length  which  does  not  strike  some  other  obstacle, 
or  at  least  require  considerable  extra  clearing. 

46.  The  auxiliary  lines  making  a  small  ang'le 
with  the  main  line  are  more  convenient,  not  only  on  this 
account,  but  because  they  require  a  less  number  of  transit 
points.  By  them  an  isosceles  triangle  is  formed  on  the  ground, 
having  the  intercepted  portion  of  the  main  line  as  base,  and  the 
vertex  near  the  obstacle.  The  deflections  at  the  points  where 
the  lines  leave  and  join  the  main  line  are  similar  and  equal,  and 
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the  deflection  at  the  vertex  is  double  in  amount  and  opposite 
in  direction.  No  calculation  is  necessary,  for  the  error  in 
measarement  due  to  the  deviation  is  too  small  to  be  noticed, 
and  since  the  main  line  is  immediately  resumed,  the  calculated 
bearings  of  the  auxiliary  lines  are  unnecessary.  Should  the 
point  where  the  second  line  joins  the  main  line  prove  unsuit- 
able for  a  transit  point,  the  second  line  may  be  produced  to 
any  convenient  point  beyond,  and  so  go  to  form  an  isosceles 
triangle  on  the  opposite  side  of  the  main  line,  the  triangle 
being  completed  by  running  a  third  line  parallel  to  the  first, 
and  equal  to  the  difference  of  the  first  and  second.  Again, 
the  second  line  may  encounter  a  serious  obstacle  before  reach- 
ing the  main  line.  To  avoid  this  a  parallel  to  the  main  Una 
may  be  run  from  the  end  of  the  first  line  for  a  con- 
venient distance,  and  there  the  second  line  be  put  in 
parallel  and  equal  to  its  first  position,  as  before  de- 
scribed, thus  forming  a  trapezoid. 

4:7.  The  following  general  solution  of  this 
problem  allows  the  engineer  to  make  use  of  any  e\ 
number  of  auxiliary  lines,  provided  that  none  of 
them  make  an  angle  of  much  more  than  one  degree 
with  the  main  line,  with  a  certainty  of  resuming  the 
main  line  in  position  and  direction  at  the  extremity 
of  any  course  desired,  and  without  necessitating 
any  trigonometrical  calculation.  It  is  based  on  the 
assumption,  practically  true  for  small  angles,  that 
the  sines  are  proportional  to  their  angles,  and  is  ex- 
pressed by  the  following  rule : 

Call  all  deflections  to  the  right  plus,  and  all  to 
the  left  minus;  multiply  the  length  of  each  course 
in  feet  by  the  algebraic  sum  in  minutes  of  all  the 
auxiliary  deflections  made  to  reach  that  course; 
take  the  algebraic  sum  of  these  products,  and 
when  the  sum  equals  zero  the  extremity  of  the  last 
course  will  be  on  the  main  line.  The  deflection 
required  at  that  point  to  give  the  direction  of  the  main  line 
is  equal  to  the  algebraic  sum  of  all  the  preceding  deflections, 
but  taken  with  the  contrary  sign. 

Thus,  if  we  have  left  the  main  line  at  A,  and  run  by  these 
QOtes:    (Fig.  1.)      • 


C 


Pro.  1. 
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Sta.  Befl.  IMst.                     Factors.                 Froducta. 

A  le'  R  190  ^  a  +  16  X  190  =  +  3040 

B  31'  L  120  5  I  -  15  X  120  =               -  1800 

C  18''r  175  5  I  +    3  X  175  =  +    525 

D  13'  L  265  I  $  -  10  X  265  =               -  2650 

E  15' R  M  +   5X   (?) 

3565  -  4450 
and  their  algebraic  sum  is  —    885 

Therefore  to  render  the  sum  zero  we  must  add  885  as  the  pro- 
duct of  the  last  course.    But  5'  is  already  given  as  one  factor, 

885 
so  that  the  other  factor  must  be  -^  =  177,  which  is  the  length 

of  the  last  course,  giving  some  point  Fon  the  main  line.  Tbe 
deflection  at  F  from  the  last  course  to  give  the  direction  of 
the  main  line  is 

16  -  31  +  18  -  13  +  15  =  5' 

and  changing  the  sign  we  have  —  5';  that  is,  the  deflection  is 
to  the  left. 

The  distance  on  the  main  line  from  ^  to  i^  equals  the  sum 
of  the  courses,  or  927  feet,  but  this  we  have  by  the  stations, 
which  have  been  kept  by  stakes  in  the  ordinary  way.  All  the 
stakes  on  the  auxiliary  lines  will  be  more  or  less  oflf  the  main 
line,  but  as  these  offsets  are  usually  very  small,  they  are  con- 
sidered of  no  consequence  on  a  preliminary  survey  through  a 
forest.  In  Fig.  1  the  offsets  are  very  much  magnified.  The 
field  notes  of  such  auxiliary  courses  should  be  kept,  not  as 
regular  notes,  but  on  the  margin  or  opposite  page,  and  in  such 
a  way  that,  while  the  line  may  be  retraced  by  them  on  the 
ground,  the  draughtsman  may  see  that  it  is  not  necessary  to  plot 
them,  when  a  straight  line  ruled  and  measured  through  is  suf- 
ficient. It  is  obvious  that  in. selecting  a  closing  course  either 
the  deflection  may  be  assumed  and  the  length  calculated,  or 
vice  versa  ;  but  care  should  be  taken  to  assume  such  values  as 
do  not  involve  a  fraction  in  either  factor,  if  possible. 

48.  The  method  of  passing  an  obstacle  on  the  line  by 
auxiliary  lines  at  a  large  ang'le  with  the  main  Ime  will 
only  be  resorted  to  when  circumstances  are  such  that  the  other 
methods  mentioned  cannot  be  employed,  as  in  passing  a  build- 
ing, pond,  or  densely  wooded  swamp.    In  such  a  case  we  may 
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tarn  a  right  angle  with  the  transit,  and  measure  accurately  one 
offset,  putting  a  transit  point  at  its  extremity,  where  auotlier 
right  angle  will  give  a  parallel  line.  If  the  offset  prove  too  short 
for  an  accurate  backsight,  a  temporary  point  at  a  sufficient 
distance  may  be  established  for  that  purpose  on  the  offset  line 
produced  before  the  instrument  is  removed  from  the  main 
line.  If  any  other  angle  than  90"*  is  used  it  should  be  selected, 
when  circumstances  permit,  so  that  the  distances  on  the  inter- 
cepted part  of  the  main  line  may  be  in  some  simple  ratio  to 
tlie  distances  measured  on  the  auxiliary  line.  Thus  a  deflection 
of  60*  gives  a  distance  on  the  main  line  equal  to  half  the 
length  of  the  auxiliary  course,  that  is, 

00**         gives  a  ratio  of  ^  =  0.5 
SS'^m'       "      "  '*       0.6  nearly 

36°  52"      **      "  **       0.8      " 

35°50i'     "      '*  "       0.9 


(( 


the  angles  being  taken  to  the  nearest  half  minute. 

4t9»  If  it  be  desired  that  the  stakes  on  the  auxiliary  line 
should  stand  on  perpendiculars  through  the  true  stations 
on  the  main  line,  a  certain  conection  must  be  added  to  each 
chain  length  depending  on  the  angle  which  the  auxiliary 
makes  with  the  main  line.  If  there  is  a  fraction  of  tlie  chain 
at  either  end  of  the  course,  a  proportional  addition  must  be 
made  for  this.  Thus,  by  referring  to  the  table  of  external 
secants,  we  And  that  we  must  add  a  correction  as  follows: 


2°  33 1'. .  .0.1  ft.  per  cham. 
3**  37'  . .  .0.2  " 
4"  26'  ...0.3  *' 

5°  or  . .  0.4  " 

5"  43'  ...0.5" 
6°  15i'...0.6 '* 


6°  45^'...  0.7  ft.  per  chain. 
7"13i'...0.8'* 
7"  39V... 0.9  " 
8°  04'  ...1.0'* 
9°  52'  ...1.5  ** 
ir  22'  ...2.0" 


i( 


(( 


(( 


<( 


These  methods  of  suiting  the  angle  to  an  even  measure  are 
much  superior  to  assuming  an  even  number  of  degrees  deflec- 
tion, and  then  calculating  the  distance  by  trigonometry.  The 
last  table,  which  may  be  extended  indefinitely  by  reference  to 
the  table  of  Ex.  secants,  is  perfectly  adapted  to  chaining  by 
surface  measure  on  regular  slopes  when  the  slope  angle  is 
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known,  the  chain  being  lengthened  by  the  correction  corre* 
sponding  to  the  slope  angle. 

50.  If  the  chain  is  lengthened  as  per  above  table  on  auxil- 
iary lines,  the  numbering  of  the  stakes  goes  on  as  usual,  but 
they  sliould  have  an  additional  mark  as  X  to  show  that  they 
are  off  the  main  line;  and  they  may  stand  facing  the  true 
stations  which  they  represent,  and  the  length  of  offset,  if 
known,  may  also  be  recorded  on  them.  The  leveller  will  then 
understand  that  he  is  to  read  the  rod  not  only  at  the  stakes  sls 
they  stand,  but  also  at  the  true  stations,  as  nearly  as  may  be. 
The  assistant  engineer  will  always  make  a  diagram  in  bis 
field  book,  showing  exactly  the  method  pursued  in  I'eference  to 
auxiliary  lines.  Having  passed  the  obstacle,  it  is  advisable 
to  return  to  the  main  line  by  a  course  equal  in  length  to  the 
first  auxiliary,  and  making  an  equal  angle  with  the  main  line. 
If  this  cannot  be  done  from  the  end  of  the  first  course,  a 
parallel  to  the  main  line  may  be  run  any  convenient  distance, 
and  the  return  line  then  put  in,  forming  a  trapezoid. 

51.  "When  there  is  no  obstruction  to  sight  on  the  main 
line,  but  only  to  measurement,  a  transit  point  should  be 
set  in  line  beyond  the  obstacle  before  the  transit  leaves  tho 
main  line,  as  a  check  on  the  other  operations,  and  the  main 
line  should  be  afterward  produced  from  this  point  by  back- 
sight on  the  main  line,  rather  than  by  deflection  from  an 
auxiliary  line. 

52.  The  main  line  should  always  be  resumed  as  soon  as 
practicable,  making  the  auxiliary  lines  the  mere  exception. 
When  a  number  of  courses  at  a  large  angle  are  likely  to  be 
required  before  the  main  line  can  again  be  reached,  it  may  be 
better  to  consider  these  as  regular  courses  of  the  survey,  and 
to  note  them  as  such.  The  simplest  method  is  always  the  best, 
because  least  likely  to  involve  mistakes.  • 

53.  When  the  natural  obstacles  are  so  numerous 
and  of  such  magnitude  as  to  render  any  continuous  line  of  sur- 
vey or  location  extremely  difficult,  if  not  impossible,  as  in  the 
case  of  a  bold  rocky  shore,  all  the  data  necessary  to  a  location 
should  be  gathered  with  precision  on  the  preliminary  survey, 
the  measurements  and  angles  being  taken  with  the  greatest  care, 
and  as  many  checks  as  possible  should  be  introduced  to  verify 
the  work.  In  meandering  such  a  shore  it  is  probable  that  a  large 
number  of  short  courses  will  be  used,  which  may  be  measured 


PSELIMIKARY   SUBVEY.  23 

correctly,  but  there  is  liability  to  error  in  the  angles.  To 
yerify  the  latter  the  more  conspicuous  transit  stations  on 
prominent  points  of  the  shore  are  selected,  and  these  being 
named  by  the  letters  of  the  alphabet,  the  deflections  between 
them  are  taken  by  careful  observations  repeated  a  number  of 
times,  as  for  a  triangulation.  These  points,  joined  by  tie- 
lines,  then  form  a  survey  of  themselves,  much  simpler  than 
the  full  traverse.  To  obtain  the  length  of  these  tie-lines,  the 
angles  between  them  and  the  courses  meeting  at  the  same 
station  are  measured.  Then  since  each  tie-line  forms  the 
closing  side  of  a  field,  in  which  all  the  bearings  are  known, 
and  all  the  distances,  save  one,  that  one  may  be  calculated  by 
latitude  and  departures.  But  the  angles  should  first  be  tested 
for  error  in  each  complete  field,  and  if  the  error  be  large  the 
angles  must  all  be  remeasured  until  the  error  is  found  and  cor- 
rected, but  if  very  small  it  may  be  distributed  among  the 
angles,  or  among  those  most  probably  inaccurate.  Before  cal- 
culating the  traverse  of  any  of  these  fields,  it  will  be  advanta- 
geous to  assume,  for  an  artificial  meridian,  a  line  parallel  to 
the  average  direction  of  the  shore  for  several  miles,  and  to 
refer  all  courses  to  this  meridian  for  their  bearing.  This 
meridian  is  caUed  the  (ms  of  the  surrey,  and  all  bearings 
referred  to  it  are  called  dxial  hearings^  as  distinguished  from 
magnetic  bearings.  The  magnetic  bearing  of  the  axis  should 
be  some  exact  number  of  degrees,  so  as  to  facilitate  the  reduc- 
tion from  one  pystem  to  the  other. 

64.  In  plotting  the  map,  the  axis  is  first  laid  down,  and  then 
the  lettered  stations  in  their  respective  positions,  after  which 
the  meandering  surveys  can  be  filled  in.  The  map  being 
drawn  on  a  scale  of  one  hundred  feet  to  an  inch,  and  the  con- 
tours constructed  from  the  notes  of  the  level  and  cross-level 
parties,  the  engineer  may  project  the  location  upon  it  with 
great  certainty  and  economy  of  result.  But  he  should  calcu- 
late the  traverse  of  the  location  as  projected,  and  compare  it 
with  the  traverse  of  the  preliminary,  to  eliminate  all  errors  in 
drafting,  before  taking  his  notes  to  the  field  to  reproduce  the 
location  on  the  ground.  Any  point  where  the  location  crosses 
the  preliminary  should  have  the  same  latitude  and  longitude 
by  the  traverse  of  either  line.  This  system,  though  laborious, 
is  the  only  one  that  will  ensure  a  successful  location  under  the 
circumstances  supposed.    Advantage  may  sometimes  be  taken 
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of  cold  tfeather  to  cross  bays  and  inlets  on  the  ic*,  but  there 
is  great  liability  to  error  in  angles  taken  upon  the  ice,  due  both 
to  its  motion  and  to  the  sinking  of  the  feet  of  the  tripod  into 
the  ice  as  soon  as  exposed  to  the  rays  of  the  sun. 


CHAPTER  III. 
Theory  of  Ma.ximum  Economy  in  Grades  and  CuRVKa 

55 »  Before  commencing  the  field  work  of  location  it  de- 
volves upon  the  engineer  to  decide  as  to  which  of  the  surveyed 
routes  shall  be  adopted  as  being  most  advantageous  in  all 
respects,  and  also  to  establish  the  maximum  grade  in  each 
direction  and  the  minimum  radius  of  curve  on  that  ix>ute» 

The  general  considerations  which  guide  the  engineer  in  the 
selection  of  one  of  several  routes  for  location  are  such  as  were 
hinted  at  in  the  chapter  on  reconnoissance,  but  upon  the  com- 
pletion of  the  preliminary  surveys  he  has  at  hand  a  large 
amount  of  information  which  enables  him  to  consider  this 
important  question  much  more  in  detail.  Unless  his  instruc- 
tions are  explicitly  to  the  contrary,  he  may  assume  it  to  be  his 
duty  to  find  the  best  line,  or  that  one  which,  for  a  series  of 
years  following  the  completion  of  the  road,  .will  require  the 
least  annual  expense,  including  interest  on  first  cost.  The 
finances  of  the  company  may  be  so  limited  as  not  to  permit 
the  construction  of  the  best  line  at  once,  and  it  may  then  be 
the  duty  of  the  engineer  to  select  the  cheapest  line,  or  that  of 
least  first  cost,  as  a  temporary  expedient,  with  the  expectation 
of  building  the  road  at  its  best  when  the  improved  credit  of 
the  company  will  permit.  But  generally  he  will  be  able  to 
build  the  cheaper  portions  of  the  best  line  at  once,  only  making 
deviations  and  introducing  heavier  grades  at  the  expensive 
points  to  avoid  a  cost  beyond  the  present  means  at  his  com- 
mand. The  selection  of  the  best  line  may  be  a  question  as 
between  different  routes  or  as  between  different  grades  and 
curves  on  the  same  route.  We  will  consider  the  latter  case 
first. 

56.  To  solve  the  problem  of  true  economy  we  must 
determine  the  actual  expense  both  of  building  and  operating 
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theliDe  at  a  given  maximum  grade,  and  also  yrhat  changes  will 
be  made  in  these  expenses  by  a  change  in  that  maximum.  We 
have  then,  on  one  hand,  the  annual  interest  upon  the  original 
cost,  and,  on  the  other,  the  annual  expense  of  operating  the  road. 
The  best  grade  is  that  which  wiU  render  the  sum  of  these  two  a 
minimum.  Both  forma  oi  expense  consist  of  two  parts:  one 
that  is  affected  by  a  change  m  grade,  and  the  other  that  is  not. 
Clearly  the  former  is  the  only  one  we  have  to  consider  in  either, 
since  when  the  sum  of  the  variable  portions  is  a  minimum,  the 
sum  total  ^M^ill  be  a  minimum  also.  The  varying  portions  then 
are  functions  of  the  grade,  though  independent  of  each  other. 
If,  therefore,  we  let  z'  represent  the  maximum  grade  in  feet 
per  mile,  and  let  x  represent  the  corresponding  value  of  that 
portion  of  the  annual  expense  which  varies  with  the  grade, 
aod  establish  the  relation  existing  between  the  two,  we  shall 
have  X  =f(z').  Similarly  if  we  let  y  represent  the  interest  on 
so  much  of  the  first  cost  as  is  affected  by  grade,  we  shall  have 
y=f'  («')•  The  problem  then  is  to  find  that  value  of  z'  which 
shall  render 

x-^-y  =  a  minimum. 

Let  us  now  seek  the  complete  expression  represented  by 

The  elements  that  enter  into  this  expression  are  numerous, 
and  wiU  be  considered  in  succession. 

67.  The  traction  of  an  engine  is  the  force  with  which 
it  pulls  a  train,  and  is  limited  by  the  reaction  of  the  drivers 
against  the  rails.  It  depends  on  the  weight  upon  each  driver,  the 
number  of  drivers,  and  the  coefficient  of  friction.  The  weight 
on  one  driver  should  not  exceed  13,000  lbs.,  and  is  usually  less 
tlian  this.  If  the  exact  proportions  of  engine  that  will  be 
used  on  the  road  are  not  known,  the  weight  per  driver  may 
be  assumed  at  10,000  lbs.,  with  4  drivers  for  ordinary  grades 
and  traflic,  or  at  11,000  lbs.  with  6  drivers,  if  the  grades  are 
steep  and  the  tonnage  large.  For  extraordinary  grades  special 
engines  are  required,  having  8  or  10  drivers.  The  coefficient 
of  friction,  called  also  the  adhesion,  varies  from  .09  to  .37, 
these  being  the  extremes  on  record.  The  lowest  is  due  to 
extremely  unfavorable  circumstances,  as  sleet  and  frost;  the 
highest  doubtless  to  the  use  of  sand,  though  not  so  stated  in 
the  record.    The  more  common  range  of  values  is  from  .15  to 
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.25.  For  our  present  purpose  it  will  be  assumed  at  .20, 
that  if  a  4-driver  engine  has  10,000  lbs.  on  each  driver,  its 
traction  is  40,000  X  .20  =  8000  lbs.  when  hauling  its  maximum 
train. 

58.  The  expense  of  running  an  engine  one  mile,  hauling 
a  train,  on  the  proposed  road,  can  only  be  estimated  from  the 
experience  on  other  roads  similarly  situated.  The  expense  is 
composed  of  the  Items  of  fuel,  water,  oil  and  waste,  repairs 
(including  renewals),  wages  of  conductor,  engineer,  and  fire- 
man, engine-house  expenses,  and  interest  on  first  cost  of 
engine  and  engine-stall.  The  range  and  approximate  average 
of  these  items  is  here  given: 


Items. 

4-Deiver  Engine. 

4-Driver 

6-DRnrEB 

8-DRIVfiR 

Lowest. 

Highest. 

Average. 

Average. 

Average. 

Fuel 

$0,050 
.001 
.004 
.050 
050 
035 
.0^ 

$0,210 
.010 
.0:iO 
.150 
.100 
060 
.038 

$0,100 
.004 
.006 
.060 
.075 
.035 
.080 

$0,165 
.006 
.006 
.104 
.076 
.050 
.088 

$0,218 

Water 

.006 

Oil  and  waste. .  

Repairs  and  renewals 

WftgA8 ..... 

.010 
.133 
.075 

Engine-house 

Interest 

.060 
.047 

Totals. 

.205 

.596 

.330 

M6 

.546 

It  a  given  case  the  probable  value  of  each  item  should  be 
estimated  separately,  and  the  sum  taken  afterwards.  In  the 
above  averages  each  engine  is  supposed  to  haul  its  maximum 
train.  The  relative  expense  of  the  several  classes  of  engines 
has  not  been  established  conclusively. 

69.  The  resistance  offered  to  the  motion  of  a  railway 
train  is  occasioned  by  a  variety  of  causes,  concerning  which 
a  great  deal  of  uncertainty  exists  as  to  their  relative  effect. 
An  investigation  which  should  seek  to  determine  the  exact 
amount  of  each  partial  resistance,  and  then  by  a  summation 
derive  the  total,  would  be  tedious,  and,  in  the  present  state  of 
our  knowledge,  unsatisfactory.  We  shall  therefore  simply 
group  the  resistances  under  three  general  heads,  namely: 

Resistance  due  to  uniform  motion  on  a  straight,  level  track; 

Resistaace  due  to  grade ; 

Resistance  due  to  curvature. 
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00.  The  first  of  these,  considered  as  an  aggregate  of 
the  various  items  of  friction  in  engine  and  train,  of  oscillations 
and  impacts,  and  of  resistance  of  the  atmosphere,  is  found  to 
vary  nearly  or  quite  as  the  square  of  the  velocity.  The  fric- 
tion of  an  engine  is  greater  in  proportion  to  its  weight  than 
that  of  a  car,  owing  to  its  many  moving  parts,  so  that  the 
resistance  of  a  short  train  is  greater  in  proportion  to  its  tot«il 
t^eight  than  that  of  a  long  train.  The  resistance  of  the  atmos- 
phere is  greater  also  in  proportion  to  the  weight  of  a  short 
train  than  of  a  long  one.  An  empty  train  will  offer  more 
resistance  in  proportion  to  its  weight  than  a  loaded  one.  A 
formula  which  shall  express  the  resistance  of  a  train  to  uni- 
form motion  must  include  at  least  the  velocity  and  the  weight 
of  the  train  and  engine. 

The  following  empirical  formula  is  based  upon  a  careful 
investigation  of  all  such  records  of  experiments  on  the  subject, 
several  hundred  in  number,  as  have  come  to  the  author's  notice, 
and  is  believed  to  give  results  agreeing  closely  with  the  average 
experience  and  practice  of  the  present  day.    It  is  designed  to 
give  the  resistance  per  ton  for  all  trains,  whether  freight  or 
passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,  such  as  the  state  of  the  weather, 
and  the  condition  of  the  road-bed,  rails,  and  rolling  stock,  may 
largely  modify  the  resistance,  but  these,  of  course,  are  not 
taken  account  of  in  the  formula. 
Let  V  =  velocity  of  train  in  miles  per  hour, 
E  =  weight  of  engine  and  tender  in  tons, 
W  =  weight  of  cars  in  tons, 
T  =  weight  of  freight  in  tons, 
q  =  resistance  to  uniform  motion  in  lbs.  per  ton. 
We  then  have  the  formula 

01.  The  second  resistance  considered  is  that  due  to 
gravity  in  grades.  It  varies  in  the  exact  ratio  of  the  rise  to  the 
length  of  the  grade. 

Let  G^   =  rise  of  grade  in  feet  per  station. 
**    G^  =  rise  of  grade  in  feet  per  mile. 
•*   ^    =  resistance  in  pounds  per  ton  due  to  grade.    ' 
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Then, 

g'  =  2240  ^  =  23.4  (7. 


(2) 


62.  The  third  resistance  considered  is  tliat  due  to 
curvature  of  tlie  track.  This  resistance  is  due  to  the  friction 
of  the  wheels  upon  tlie  top  of  the  rail,  and  of  their  flanges  upon 
the  side  of  the  rail.  Tlie  top  friction  is  lateral,  due  to  the 
oblique  position  of  the  wheel  on  the  rail,  and  longitudinal,  due 
to  the  greater  length  of  the  outer  rail,  since  both  wheels  are 
rigidly  attached  to  the  axle.  The  flange  friction  is  due  to  the 
reaction  of  the  top  friction,  which,  combined  with  the  parallel- 
ism of  the  axles,  throws  the  truck  into  an  oblique  position  on 
the  track.  A  forward  flange  presses  the  outer  rail,  while  a  rear 
flange  is  usually  in  contact  with  the  inner  rail.  The  centri- 
fugal force  of  the  car  will  increase  the  pressure  on  the  outer 
rail,  unless  the  ties  are  inclined  at  an  angle  suf&clent  to  coun* 
terbalance  this  force.  But  if  the  ties  are  inclined  too  much, 
or  the  velocity  is  less,  the  pressure  on  the  inner  rail  will  be 
increased.  An  uneven  track  will  cause  the  truck  to  pursue  a 
zigzag  course,  increasing  the  resistance  considerably. 

Experiments  for  determining  the  amount  of  curve  resistance 
have  been  neither  numerous  nor  veiy  satisfactory,  but  the 
generally  accepted  conclusion  is  that  the  resistance  is  a  little 
less  than  half  a  pound  per  ton  on  a  one-degree  curve,  and  that 
it  varies  as  the  degree  of  curve.  On  European  roads,  how- 
ever, it  is  estimated  at  about  one  pound  per  ton  per  degree  of 
cuive,  owing  largely  to  the  form  of  rolling  stock  used. 

63.  Let  g"  =  curve  resistance  in  pounds  per  tonon  an^' 

curve, 
and  D  =  degree  of  curve. 
Then,  assuming  the  resistance  per  ton  on  a  one-degree  curve 
aX  0. 560,  we  have  for  any  other  curve 

q"  =  0.56J9  (3) 

To  ascertain  what  grade  upon  a  straight  line  will  offer  the 
same  resistance  as  a  given  curve;  substitute  the  value  of  g" 
for  q'  in  eq.  (2)  and  solve  for  G;  whence 

G.  =  0.026/)  I  ... 
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For  definition  of  degree  of  curve,  see  Art.  84. 

64.  It  is  evident  that  grades  and  curves,  by  their  resistances, 
fix  a  limit  to  the  weight  of  a  train  which  a  given  engine  can 
liaul  over  them. 

A  locomotive  is  usually  built  with  such  a  surplus  of  boiler 
and  cylinder  capacity  that  its  power,  at  ordinary  velocities,  is 
limited  by  the  adhesion  of  the  drivers,  so  that  the  adhesion  is 
the  proper  measure  of  the  tractive  force. 

To  find  an  expression  for  the  mcmmum  train  which  a  given 
engine  can  haul  over  a  given  grade  and  curve: 

Let    P  =  tractive  force  of  engine  in  pounds, 

T'  =■  weight  of  paying  load  in   tons  per  maximum 

train, 
W  =  weight  in  tons  of  cars  carrying  the  load  T', 

Then  for  uniform  motion,  at  a  given  velocity, 

(E+W'+  T)  to  +  g'  +  q')  =  P  (5) 

Let  t  =  average  load  of  one  car  in  tons 
"  ^  =  average  weight  of  one  car  and  load  in  tons. 

Then  W  -{•  T'  =—T\  substituting  which  in  eq.  (5)  we  derive 


it 


it 


T'-l  I -- -  e)  (6) 


In  this  equation  q  =  the  resistance  per  ton  due  to  uniform 
motion,  q'  =  the  resistance  per  ton  due  to  the  maximum  grade 
opposed  to  the  direction  of  the  train,  and  q"  =  the  resistance 
per  ton  due  to  the  sharpest  curve  on  tJiat  grade. 

For  accelerated  motion  the  reaction  of  inertia  of  the  train 
must  "be  added  to  the  above  resistances.  This  is  estimated  at 
\q,  in  order  that  a  train  starting  from  rest  may  acquire  the 
requisite  maximum  velocity,  even  on  a  maximum  grade,  in  a 
rcasonaHe  time,  say  from  3  to  6  minutes.  Therefore,  for 
accelerated  motion. 


T'-L  i ^ e\  (7) 


1^  +  ?'+?" 

Now,  the  values  of  T  and  q  involve  each  other,  but  if  we 
accent  V  and  T  in  eq.  (1)  the  value  of  q  becomes  that  used  in 
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eq.  (7],  aad  we  may  eliminate  q  between  these  equations,  and 
derive  the  value  of  T' ;  whence 

Also,  for  the  weight  of  maximum  train  and  load, 

which  is  the  expression  required. 

When  there  is  no  curve  on  the  maximum  grade,  q"  is  zero ; 
and  when  there  is  no  grade,  q'  is  zero;  hence  for  a  straight  level 
track  eq.  (7)  becomes 

and  eq.  (8) 


-(P-.0009^«F*) 


o 
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65.  An  engine-sta^e  is  a  division  of  the  road  to  which 
an  engine  is  limited,  and  over  which  it  regularly  hauls  a  train. 
Its  length  varies,  on  existing  roads,  from  50  to  200  miles  or 
more,  depending  on  the  grades,  on  the  length  of  the  whole 
line,  and  on  the  distance  between  points  favorable  for  the  loca- 
tion of  shops,  etc.     The  average  engine-stage  on  American 
roads  is  not  far  from  75  miles.    If  there  are  to  be  several 
engine-stages  on  the  proposed  line,  the  problem  of  maximum 
economy  of  grade  must  be  solved  with  reference  to  each  of 
them  separatelj'. 
Let  L  —  length  of  engine-stage  in  miles, 
''   e  =.  expense  per  engine-mile  in  dollars, 
**  J.  =  average  annual  paying  freight  in  tons  moving  ia 

one  direction,  and 

*  a  =  average  annual  paying  freight  in  tons,  moving  in 

the  opposite  direction;  and  if  these  are  not  equal,  let  A  bo 

greater  than  a.    Now  T'  eq.  (8)  is  the  maximum  train-load 

which,  at  a  velocity  F,  should  be  hauled  up  steepest  grade  z', 

opposed  to  the  direction  of  the  tonnage  A\  hence  -^  r=  tlu* 
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number  of  trains  per  annum;  and  since  each  train  must  go 

2IjA 
and  return,  .'.  — ^-  =  the  total  train-mileage  per  annum. 

If  there  were  no  return  tonnage,  the  annual  expense  charge- 

2A.Zj6 

able  to  A  would  be     ^,  ,  but  since  some  of  the  cars  return 

loaded  with  the  freight  a,  these  are  not  chargeable  to  A,  and 
must  be  deducted  from  the  above  expression.  Hence  if  we 
denote  the  annual  expense  of  engine-mileage  by  x, 

* = ^=^  (11) 

in  which  the  value  of  the  maximum  grade  z'  is  involved  in 
the  value  of  T', 

But  we  may  obtain  an  expression  for  x  in  terms  of  z' ;  for, 
at  any  given  velocity,  the  resistance,  q^,  on  a  level  is  equal  to 
the  resistance  due  to  a  certain  grade  2^,  the  value  of  which  is, 
by  eq.  (2),  for  uniform  motion, 

38 

So  the  resistance,  q,  to  motion  up  a  grade  z'   is  equal  to 

33 
the  resistance  due  to  some  grade  2  =  -tt  9'»  t^e  total  resistance 

14 

being  that  due  to  the  combined  grades  z  +  z'.    Now,  since 

the  gross  weight  of  a  maximum  train,  under  a  constant  engine 

power,  is  inversely  as  the  resistances,  we  have,  for  conditions 

of  accelex'ated  motion : 

^r+E:jT,'+E::iz,  :  ^z  +  z' 
whence 

iT\z,-l-E(z'  +  i(z--z,)) 

T'  = ^-r-r-. (12) 

iz  +  z' 

in  which  T'^  =  maximum  train-load  on  a  level  line.     Substi- 
tuting this  value  of  T'  in  eq.  (11)  we  have 

X  = J^-±i (2^  -  a)  Le      (18) 

iT\z,---E(^  +  i{z^z.)) 

which  is  the  complete  expression  for  x  =f  (z')  required. 
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66.  Could  we  also  find  a  complete  expression  for  y  =f'(ar)^ 
we  might  then  proceed  to  find,  by  analysis,  that  value  of 
z'  which  would  render  x  -\-y  =  Sk  minimum.  But  the  value 
of  y  cannot  be  formulated,  since  it  depends  on  the  accidental 
features  of  the  country  through  which  the  line  passes;  it  can 
<5nly  be  determined  for  any  given  value  of  z'  by  an  estimate 
based  on  the  survey.  We  therefore  resort  to  a  graphical 
solution. 

Equation  (Id)  is  the  equation  of  a  curve  in  the  plane  ZX, 
Fig.  2.  If  we  assume  several  values  of  z\  and  calculate  the 
corresponding  values  of  «,  we  may  lay  these  off  by  scale  on 
the  axes  of  Z  and  X  respectively,  and  so  obtain  several  points 


through  which  the  curve  of  annual  expense  may  be  drawn. 
We  then  make  estimates  of  the  cost  of  constructing  the  road 
at  the  same  values  of  «',  and  taking  the  annual  interest  of 
each  estimate  as  an  ordinate  y  to  OZ  in  the  plane  ZY^  we  lay 
it  off  to  scale  at  the  proper  height,  thus  obtaining  a  series  of 
points  in  the  plane  ZT,  through  which  the  curve  of  annual 
interest  on  first  cost  may  be  drawn.     If  now  we  suppose  the 
plane  ZYto  be  revolved  to  the  left  about  the  axis  OZ  until 
it  coincides  with  the  plane  OX,  as  in  Fig.  2,  we  shall  see 
that  the  two  curves  are  convex  to  OZ  and  to  each  other.     The 
shortest  horizontal  line  intercepted  by  them  indicates  the 
minimum  value  of  (x  -\-  y\  and  the  point  where  this  line  cuts 
the  axis  OZ  indicates  the  corresponding  value  of  z',  which  is 
the  one  required.     If  tangents  be  drawn  to  the  curves  at  the 
points  where  the  shortest  horizontal  line  intersects  them,  the 
tangents  will  be  parallel  to  each  other.    Any  convenient  scales 
may  be  used  to  lay  off  the  values  of  z'  and  x,  provided  that 
the  values  of  x  and  y  be  laid  off  to  the  same  scale.    It  is  well 


»< 
it 
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to  reduce  all  the  values  of  x  by  an  amount  common  to  tbem 
ail,  and  the  same  with  respect  to  values  of  y,  before  laying 
tiiem  off  to  scale.    This  will  bring  the  two  curves  nearer 
together  without  altering  their  form. 
67 •  To  facilitate  the  calculation  of  a;,  we  give  on  the  next 

page  a  table  of  values  of  ^  for  several  engines,  using  eq.  (8) 

for  this  purpose.  The  value  of  x  is  therefore  found,  eq.  (11) 
or  (13),  by  multiplying  (2A  —  a)  Le  hy  the  proper  tabular 
number,  under  conditions  assumed  as  follows: 

t     =10  tons  of  freight  per  car-load; 

«?   =  18  tons  per  car  and  load; 

F  =  12  miles  per  hour. 

For  a   4-driver  engine,  ^  =  42     tons;  P=    8100  lbs.       , 

For  a   6-driver  engine,  JS?  =  49.5    "      P  =  13600 

For  an  8-driver  engine,  JS^  =  59.4    '*      P  =  17280 

Substituting  these  values  in  eq.  (8),  and  making  g"  =  0, 
we  find  the  maximum  loads  of  freight  wjiich  the  several 
engines  can  haul  up  the  grade  whose  resistance  is  g'.  The 
reciprocals  of  these  loads  are  given  in  the  table  opposite  the 
grades  noted  in  the  first  and  last  columns. 

68.  Since  q"  is  made  zero,  the  grades  in  the  table  are 
assumed  to  be  on  straight  lines.  In  locating  a  road,  tljie 
maximum  grade  should  be  reduced  on  a  curve  by  the  amount 
of  the  equivalent-grade  of  the  curve,  eq.  (4),  so  that  the  resist- 
ance may  be  no  greater  on  the  curve  than  elsewhere.  Biit 
grades  less  than  the  maximum  need  not  necessarily  be  reduced 
for  the  curves  upon  them,  unless  the  sum  of  the  grade  and  the 
curve-equivalent  exceeds  the  maximum. 

69«  For  an  example,  let  us  suppose  that  a  certain  engine- 
stage  is  to  be  80  miles  long,  and  that  an  estimate  of  the  cost  of 
construction  has  been  made,  based  on  a  ruling  or  maximum 
grade  of  52.8  ft.  per  mile  against  the  heavier  traffic,  and  that 
the  annual  interest  on  the  estimate  amounts  to  $168,000. 

Let  us  further  suppose  that  the  average  traffic  in  one  direc- 
tion is  estimated  at  375  000  tons  per  annum,  and  in  the  other 
direction  at  195  000  tons,  that  it  is  decided  to  use  6-driver 
engines,  and  that  the  expense  per  engine-mile  is  estimated  at 
40  cents ;  hence  (2 J.  —  At)  7>  =  20  000  000.  We  are  now  required 
to  find  the  most  economical  maximum  grade. 

We  first  select  at  least  two  other  maximum  grades, and  having 
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r=12. 


Table  oi'  Recxpbooaus  ov  T', 


t=ilO,W=:lS. 


<?.. 


4.0 
$.9 

d.4 

S.3 
8.S 
8.1 

8.0 
2.9 
2.8 
2.7 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 

2.0 
1.9 
1.8 


1.3 
1.2 
1.1 

1.0 
.9 
.8 
.7 
.6 
.6 
.4 
.3 
.2 
.1 

0.0 


E  =  4Si 
P=8100 


.0479  844 
.0457  899 
.0486  036 
.0415  679 
.0396  259 
.0377  712 
.0359  960 
.0343  012 
.0026  759 
.0811 176 

.0296  224 
.0281864 
.0268061 
.0254  784 
.0242  005 
.0229  695 
.0217  828 
.0206  381 
.0195  888 
.0184  668 

.0174  862 
.0164  882 
.0154  786 
.0145  899 
.0136  856 
.0127  598 
.0119  099 
.0110  860 
.0102  865 
.0095104 

.0067  566 
.0060  242 
.0078128 
.0066  200 
.0059  466 
.0052  913 
.0046  583 
.0)40  820 
.0084  268 
.0028  870 
.0022  620 


Diff. 


22  445 
21363 
20  357 
19  420 
18  547 
17  782 
16  968 
1G253 
15  583 

14  952 

14  860 
13  808 
13  277 
12  779 
12  310 
11867 
11447 
11048 
10  670 

10  811 

9  970 
9646 
9  837 
9043 
8  763 
8494 
8239 
7995 
7  761 

7588 

7324 
7119 
6923 
6734 
6553 
6880 
6  213 
6052 
5  898 
5  750 


JE:=49.6 
P=  12600 


0241385 
0232  481 
0223  789 
0215  297 
0207  094 
0199120 
0191  367 
0188  824 
0176  483 
0169  386 

0162  376 
0155  596 
0148  988 
0142  546 
0186  264 
0130136 
0124  157 
0118  321 
0112  622 
0107  066 

0101620 
0096  308 
0091115 
0066  069 
0061074 
0076  218 
0071467 

0066  818 

0062  267 

0067  810 

0063  446 
0049  171 
0044  964 
0040  880 
0036  858 
0032  915 
0029  060 
0025  259 
0021540 
0017  802 
0014  312 


Diff. 


8964 
8692 
8  442 
8203 
7974 
7  758 
7543 

7  841 
7147 

6960 

6780 
6606 
6442 
6282 
6128 
5  979 
5836 
5  699 
5566 

5436 

5  812 
5198 
5  076 
4965 
4856 
4  751 
4  649 
4551 
4  457 

4865 

4  274 
4187 
4104 
4022 
3  943 
3665 

8  791 
8  719 
8648 
3580 


.B=59.4 
P=  17280 


.0162  847 
.0157  250 
.0151  786 
.0146  460 
.0141238 
.0136  146 
.0131 168 
.0126  302 
.0121  545 
.0116  892 

.0112  339 
.0107  884 
.0103  524 
.0099  255 
.0095  075 
.0090  961 
.0066  970 
.0063  040 
.0079186 
.C075  413 

.0071  713 
.0068  082 
.0064  522 
.0061029 
.0057  602 
.0054  289 
.0060  988 
.0047  698 
.0044  517' 
.0041393 

.0036  324 
.0085  809 
.0062  347 
.0029  437 
.0026  577 
.0023  766 
.0021002 
.0018  284 
.0015  612 
.0012  984 
.0010  899 


Diff. 


5597 
6464 
6336 
6  212 
6092 
4978 
4866 
4  757 
4653 

4653 

4455 
4360 
4260 
4180 
4094 
4  011 
3930 
3652 
8775 

3  701 

3630 
8560 
8  493 
8427 
3363 
8  301 
3210 
8181 
3124 

8  069 

8  015 
2962 
2  910 
2860 
2  811 
2764 
2  718 
2  672 
2628 
2685 


ft.  per 
ume. 


211.20 
206.92 
200.64 
195.36 
190.08 
184.80 

m.62 

174.24 
168.96 
168.68 

158.40 
163.12 
147.84 
142.56 
187.28 
182.00 
126.72 
121.44 
116.16 
110.88 

105.60 
100.32 
95.04 
89.76 
84.48 
79.20 
73.92 
68.64 
63.36 
68.06 

52.80 
47.52 
42.24 
36.96 
81.68 
26.40 
21.12 
15.84 
10.56 
6.28 
0.00 


In  this  table  T'  =  tons  of  freight  for  a  maximum  train  of 
fully  loaded  cars  hauled  up  any  grade  z'  at  a  velocity  of  12 
miles  per  hour ;  the  ratio  of  dead  to  paying  load  being  assumed 
at  8  to  10.  Hence  gross  load  of  train  behind  engine  =  ^-g  T'. 
The  track  is  assumed  straight,  hence  q"  =  Oin  eq.  (8)  foi 
this  table. 
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made  aa  estimate  of  the  cost  of  constructing  the  road  upon 
each,  take  the  annual  interest  of  each,  as  in  the  first  case.  Let 
us  suppose  the  two  ruling  grades  thus  selected  to  be  73.92  ft. 
and  31.68  ft.  per  mile,  or  1.4  ft.  per  station  and  0.6  ft.  per 
station,  and  the  interest  on  the  estimates  to  be  $145  596  and 
$204  388  respectively,  giving  the  following  statement: 


(?.. 

V' 

Istdiff. 

2ddiff. 

1.4 

145  596 

22  404 

1.0 

168  000 

13  984 

0.6 

204  388 

36  388 

Interpolating  by  second  differences,  we  have  the  complete 
statement: 


G^ 


1.4 

145  596 

1.3 

149  886 

1.2 

155  050 

1.1 

161088 

1.0 

168  000 

0.9 

175  786 

0.8 

184  446 

0.7 

193  980 

0.6 

204  888 

diflf.  y. 

diff.  X, 

4290 

9298 

5164 

9102 

6038 

8914 

6  912 

8730 

7786 

8548 

8  060 

8874 

9534 

8208 

10  408 

8044 

X. 

x-\-y. 

«'. 

142  934 

78.92 

183  636 

124  534 

115  620 

106  890 

274  890 

62.80 

98  342 

274128 

47.52 

89  968 

274  414 

42.24 

81760 

«* 

73  716 

31.68 

The  numbers  in  the  fourth  and  fifth  columns  are  obtained 
as  follows:  the  values  assumed  above  give  us  (2^  —  a)  Le  = 
$20  000  000,  and  this  multiplied  by  the  tabular  differences  in 
the  preceding  table  for  a  6-driver  engine,  gives  the  numbers  in 
the  fourth  column.  "We  now  observe  that  the  differences  of 
K  and  of  y  increase  in  opposite  directions,  therefore  at  some 
point  they  will  be  equal;  and  a  simple  inspection  shows  us  that 
this  point  is  at  or  near  the  grade  of  0.9,  which  is  therefore 
the  grade  required.  We  now  multiply  the  tabular  number  for 
0.9,  and  a  6-driver  engine  by  $20  000  000,  for  the  number  in 
the  fifth  column,  and  this  added  to  the  value  of  ^  on  the 
same  line  gives  the  sum  of  («  +  y )  for  the  most  economical 
grade.  This  of  course  is  not  the  total  annual  outlay  of  the 
road,  or  engine-stage,  because  many  items  of  expense  which 
are  independent  of  a  maximum  grade  have  not  been  con- 
sidered. 
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If  an  8-driver  engine  were  to  be  used,  and  the  expense  per 
engine-mile  estimated  at  50  cts.,  then  {2 A  ^a)Le=:  $25  000000 ; 
hence 


G,. 

y- 

diflf.y. 

diflf.  X. 

X. 

x+y. 

z\ 

1.1 
1.0 
0.9 

161068 
168000 
175  786 

6  912 

7786 

7  673 
7538 

95  810 

268810 

63.80 

indicating  a  saving  of  $10  318  per  annum  in  the  case  supposed 
by  using  S-driver  engines,  although  on  a  steeper  ruling  grade. 
On  the  other  hand,  should  we  adopt  4-driver  engines,  and  esti- 
mate the  expense  per  engine-mile  at  30  cents,  we  should  find  * 
tlie  most  economical  grade  to  be  0.7  per  station  and  (x  -|-  y) 
=  $293  280,  showing  a  loss  in  tiiis  case  of  $19  152  per  annum, 
as  compared  with  the  results  of  6-driver  engines. 
It  should  be  remembered  that  the  table  §  67  is  prepared  on 

the  assumption  that  the  ratio  —  =  j^.    If  cars  are  to  be  used 
giving  for  full  loads  any  other  ratio,  —  ,  a  new  table  may  be 


10 


w 


prepared  by  multiplying   each  tabular  number  by  -r^  X  v 

The  velocity  adopted  of  12  miles  per  hour  is  sufficient  for 
ordinary  grades.  When  the  maximum  grade  is  very  low,  it 
would  be  better  to  use  15  or  18  miles  an  hour  in  calculating 
the  value  of  x. 

70.  Since  a?,  eq.  (11),  varies  directly  as  i,  it  is  important 
that  an  engine-stage  having  heavy  grades  should  be  short.  Its 
length,  however,  must  be  consistent  with  the  economical 
length  of  the  adjoining  engine-stages,  and  with  the  amount  of 
work  which  an  engine  ought  to  perform  daily.  The  most 
favorable  condition  for  a  road  would  be  that  in  which  all  the 
engine-stages  were  operated  at  equal  expense.  But  if,  to 
secure  this  result,  the  engine-stage  of  heavy  grades  must  be 
unreasonably  reduced  in  length,  it  will  be  better  to  adapt  the 
grades  to  the  use  of  two  engines  per  train. 

7 1.  The  maximum  grade  z',  opposed  to  the  heavier  tonnage 
A,  having  been  determined,  we  have  now  to  consider  what  is 
the  limit  to  grades  in  the  opposite  direction.    The  engines  are 
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supposed  to  haul  their  maximum  loads  in  moving  the  ton- 
nage Ay  and  since  the  return  tonnage,  a,  is  less  than  Ay  the 
engines,  in  returning,  will  not  be  worlsed  to  their  full  capacity 
if  they  encounter  no  grades  steeper  than  z'.  We  therefore 
liave  a  margin  of  power  in  the  returning  engines  which  may 
be  taken  advantage  of  to  cheapen  the  cost  of  construction,  or 
to  shorten  the  line,  by  introducing  grades,  steeper  than  z\ 
against  the  lighter  traffic. 

Tlie  weight  of  a  maximum  train  moving  up  the  grade  z'  is, 
eq.  (9),  W  -\-  T'\  the  weight  of  the  train  returning  will  be 


^'+3^"=f^'+z)^' 


Substituting  this  in  place  of  (TT'  +  T'),  eq.  (9),  and  solving  for 
q\  we  find  the  resistance  due  to  a  maximum  grade  opposed  to 
the  returning  train.  Wlience,  by  eq.  (2),  if  we  let  Z  =  the 
maximum  return  grade,  and  make  q'  —  0, 

Z  =  g-     ^-•<WO«^JZ! g  (8.1  +  . 009  F*)       (14) 

Inasmuch  as  the  value  of  Z  varies  with  every  change  made 
in  s',  the  engineer,  when  estimating  the  cost  of  construction 
upon  the  basis  of  any  maximum  grade  e',  should  take  care 
that  the  return  grade  Z  nowhere  exceeds  its  limit  as  given  by 
the  last  equation  (14).  In  the  example,  §69,  «'  =  47.52;  hence 
T  =  208.37,  eq.  (8).  Substituting  these  values,  in  eq.  (14),  we 
find  Z  —  81.25,  which  is  therefore  the  limit  for  return  grades 
in  this  case.     With  regard  to  curves  on  the  maximum  grade, 

see  §68. 
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72.  If  in  eq.  (1)  we  let  2  =  ^j  9  be  the  grade  per  mile  which 

offers  a  resistance  equal  to  the  resistance  to  uniform  motion 
on  a  level,  we  have 

.  =  12.73+ (.01414 +  ^1«^)f.         (15) 

When  F=  20  this  becomes 

.=  18.386  +  ^^  m) 
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which  is  the  grade  down  which  a  train,  whose  weight  is  iB-\- 
W-\-  T),  if  started  at  20  miles  an  hour,  will  continue  to  move 
at  that  speed  without  steam  or  brakes.  As  that  speed  is  not 
objectionable,  so  the  grade  2,  which  induces  it  is  not,  pro- 
vided it  does  not  exceed  the  values  of  2'  or  Z  respectively, 
determined  with  reference  to  economy.  For  the  extra  work 
done  by  the  engine  in  ascending  one  grade  z  is  utilized  in 
descending  the  next;  and  the  net  result  is  the  same  as  though 
the  two  were  replaced  by  a  uniform  grade.  The  engineer 
therefore  is  not  warranted  by  economic  considerations  in 
reducing  undulating  grades  which  do  not  exceed  z  to  a  uni- 
form grade,  when  to  do  this  would  cause  any  increase  in  the 
cost  of  construction,  unless  z  exceeds  the  grades  z'  or  Z  of 
maximum  economy. 

73.  But  when  grades  exceed  2,  eq.  (15^),  the  resulting 
speeds  of  the  maximum  train  become  too  great,  and  the  neces- 
sary application  of  the  brakes  absorbs  a  portion  of  the  power 
previously  expended  in  gaining  the  summit,  whicu  is  thus 
worse  than  wasted,  since  it  increases  the  wear  and  tear  of 
machinery  and  track.  Therefore  the  engineer  is  justified  in 
spending  a  certain  sum  of  money  in  reducing  grades  which 
exceed  z  to  that  limit.  A  calculation  of  the  loss  of  power  due 
to  the  use  of  brakes  on  a  grade,  and  of  the  cost  of  that  lost 
power,  together  with  the  resulting  wear  and  tear  per  annum, 
will  give  the  interest  on  the  sum  that  may  be  justifiably  spent 
in  reducing  the  grade  from  its  position  of  cheapest  construc- 
tion. 

74.  The  limit  z  is  not  constant,  but  depends  on  the  weight 
of  the  maximum  train,  which  in  turn  depends  on  z'.  It  will 
not  be  the  same  in  both  directions  unless  -4  =  a,  giving  z'  =  Z. 
In  the  example  §69,  B  =  49.5  and  W  +  T'  =  366.07;  hence, 
eq.  (15^),  z  =  21.72  descending  in  the  direction  of  the  traffic  A. 

Also  W  4-  -^  T'  =  230.49,  whence  z  r=  23.34  descending   in 

A 

the  opposite  direction.     These  are  the  limits  in  this  case  at 
which  undulating  grades  cease  to  be  profitable. 

75.  We  have  finally  to  consider  the  method  for  selecting  the 
best  line  from  several  proposed  routes.  For  this  purpose  we 
determine  the  most  economical  grade  on  each  route  thought 
worthy  of  consideration,  and  calculate  the.  interest  on  the 
entire  cost  of  constructing  the  line  with  that  ruling  grade,  and 
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also  the  anrmctl  expense  of  operating  the  line,  and  take  the  sum 
of  the  two.  That  route  is  best  in  respect  to  ^hich  this  sum  is 
the  least. 

76.  The  value  of  saving  one  mile  in  distance  on  any  route 
is  found  by  dividing  the  sum  of  the  annual  operating  expense 
and  the  interest  on  the  cost  of  construction  by  the  rate  of 
interest,  and  the  quotient  by  the  length  of  the  line  in  miles. 

7  7.  We  have  now  fully  discussed  the  theory  and  developed 
the  formulee  necessary  to  the  determination  of  the  most 
economical  grades;  but  the  value  of  the  results  in  a  given 
case  depend  upon  the  correctness  of  the  engineer's  estimates 
which  enter  into  the  formulse.  These  may  seldom  prove  pre- 
cisely accurate,  yet,  if  he  can  bring  them  within  definite 
limits,  he  may  determine  the  grades  of  maximum  economy 
within  corresponding  limits.  In  the  case  of  a  finished  road 
and  in  full  operation,  however,  the  elements  of  first  cost,  of 
traffic,  and  of  operating  expenses  being  known,  an  investiga- 
tion by  means  of  the  foregoing  formulae  becomes  a  critical  test 
as  to  the  econoihy  of  the  location  and  grades;  and  should  the 
road  fail  to  pay  dividends,  or  be  forced  to  charge  high  rates 
of  toll,  we  can  determine,  though  perhaps  too  late,  to  what 
extent  the  location  is  chargeable  with  these  results. 


CHAPTER  IV. 

Location. 

78*  A  railroad  is  said  to  be  located  when  its  centre  line  is 
established  on  the  ground  in  the  position  which  it  is  intended 
finally  to  occupy.  The  location  is  made  by  an  engineer  corps 
similar  in  its  organization  to  that  employed  on  preliminary 
surveys.  The  instruments  used  are  also  the  same,  except  that 
the  transit  is  substituted  for  the  compass,  and  usually  the  target 
rod  for  the  self-reading  rod.  The  magnetic  needle  is  never 
used  upon  the  centre  line,  except  as  a  rough  check  on  the 
transit  work.  It  is  used,  however,  to  obtain  the  direction  of 
property  lines,  roads,  and  other  topographical  data. 

79.  The  remarks  upon  transit  work  in  the  preceding 
chapter  apply  to  the  running  of  straight  lines  on  location.    All 
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field-work  on  location  should  be  done  with  accuracy  and 
fidelity.  No  guesswork,  nor  rude  approximations,  are  to  be 
tolerated.  All  transit  points  are  made  as  secure  and  permanent 
as  possible,  and  the  more  important  ones  are  guarded  by  other 
transit  points  set  in  safe  positions  near  by,  their  distances  and 
directions  from  the  main  point  being  recorded. 

The  stakes  for  the  stations  are  made  neatly,  and  somewhat 
uniform  in  size,  and  they  are  firmly  driven.  Sometimes  a 
small  plug  is  driven  down  flush  with  the  surface  of  the  ground 
to  indicate  the  station  point,  and  the  stake  is  then  set  near  by 
as  a  witness. 

In  locating  a  very  lon^  tsmgent  the  greatest  care  is  re- 
quired to  make  it  straight.  If  the  tangent  is  produced  from 
point  to  point  by  backsights  and  foresights,  the  observation 
should  be  repeated  in  every  instance  with  reversed  instrument, 
to  eliminate  any  possible  lack  of  adjustment,  and  to  check 
any  accidental  error.  (Indeed  it  is  proper  to  observe  this  rule 
on  curves,  as  well  as  on  tangents.)  When  some  object  in  the 
horizon  can  be  used  as  a  foresight,  it  is  preferable  to  set  the 
instrument  by  this  rather  than  by  a  backsight.  For  final  loca- 
tion, the  line  should  be  cleared  to  give  as  continuous  a  line  of 
sight  as  possible,  but  in  case  of  an  obstacle  which  cannot  be 
removed  at  the  time,  at  least  two  independent  methods  of 
passing  it  should  be  employed,  so  that  there  may  be  a  check 
upon  the  alignment  beyond. 

80.  The  leveller  selects  his  benches  far  enough  from  the 
line  to  prevent  their  being  disturbed  during  the  construction  of 
the  road.  They  should  be  nearly  at  grade,  as  a  rule,  though  it 
is  well  to  leave  a  bench  near  a  water-course  for  reference  in  lay- 
ing out  masonry  or  trestle-work.  The  rodman  holds  the  rod 
at  every  station,  and  at  every  point  on  the  centre  line  where 
the  slope  changes  direction,  so  that  these  points  may  be  accu- 
rately defined  on  the  profile.  When  he  uses  a  target  rod,  he 
sets  the  target  as  directed  by  the  leveller,  and  after  clamping 
it,  takes  the  reading.  He  reads  to  thousandths  upon  turning 
points  and  benches,  but  only  to  tenths  of  a  foot  elsewhere,  and 
announces  the  readings  to  the  leveller  for  record.  He  also 
records  the  readings  upon  turning  points  and  benches  in  his 
own  book  as  a  check.  At  the  close  of  each  day  the  leveller 
and  rodman  compare  notes,  and  draw  a  profile  of  the  line  sur- 
veyed.   (3ee  also  §§  28,  29,  80.) 
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81.  The  fixing  of  the  grrade-Iines  upon  the  profile  is 
one  of  the  most  important  operations  connected  with  the  loca* 
tion.  It  is  usually  performed  by  the  engineer  in  charge  of 
the  locating  party>  as  being  most  conversant  with  the  general 
character  and  detailed  requirements  of  the  line.  The  maxi' 
mum  gradients  will  have  generally  been  determined  in  advance 
from  the  preliminary  data  by  the  principles  laid  down  in  the 
preceding  chapter,  but  the  position  of  each  grade-line,  relative 
to  the  profile  of  the  surface,  must  be  left  to  the  judgment  and 
skill  of  the  engineer.  In  general,  the  grade-line  is  so  placed 
as  to  equalize  the  amounts  of  excavation  and  embankment, 
but  there  are  various  exceptions  to  this  rule.  Thus,  the  exca- 
vation maybe  in  excess:  first,  when  it  is  necessary  to  pass 
under  some  other  road  or  highway,  the  grade  of  which  cannot 
be  changed;  second,  when  valuable  property  is  to  be  avoided, 
the  appropriation  of  which  would  cost  more  than  the  excava- 
tion; third,  when  the  grade  is  at  the  maximum  near  a  sum- 
mit, and  cannot  be  raised  parallel  to  itself  without  incurring 
too  great  an  expense  for  masonry,  etc.,  at  some  other  part  of 
the  line.  The  embankment  may  be  in  excess,  finrst,  when  the 
coulitry  is  flat  and  wet,  in  order  to  keep  the  road-bed  well 
drained;  (the  grade-line  should  be  at  least  two  feet  above  the 
average  level  of  the  surface,  or  above  high- water  matk,  if  the 
district  is  subject  to  overflow;)  second,  in  approaching  a 
stream,  where  it  is  necessary  to  raise  the  grade  above  the 
requirements  of  navigation;  third,  when  the  cuttings  on  the 
line  are  largely  in  solid  rock,  and  a  cheaper  material  for 
embankments  may  be  conveniently  had  at  other  points; 
fourth,  in  a  district  subject  to  heavy  drifts  of  snow,  by  which 
deep  cuts  would  be  liable  to  be  obstructed ;  fifth,  in  side-hill 
work,  where  there  is  danger  of  land-slips ;  sixth,  when  it  is 
determined  to  supply  the  place  of  a  portion  of  an  embankment 
by  a  timber  trestle-work  or  other  viaduct. 

The  apparent  equality  of  cut  and  flll  on  the  profile  does  not 
represent  an  equality  in  fact,  owing  to  the  different  bases  and 
slopes  of  the  sections  adopted,  and  to  the  various  inclinations 
of  the  natural  surface  transversely  to  the  line.  This  is  espe- 
cially true  in  side-hill  work,  where  there  are  both  cut  and  fill 
at  every  point,  while  the  profile  shows  very  little  of  either.  In 
the  latter  case  it. is  an  excellent  plan  to  combine  with  the  pro^ 
file  of  the  centre  line  the  profiles  of  parallel  lines  ten 
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or  twenty  feet  either  side  of  the  centre,  and  drawn  with  differ* 
ent  colored  inks,  as  these  will  indicate  tolerably  well  the  relative 
amount  of  cut  and  fill  required.  But  after  the  grade  has  been 
thus  chosen,  the  only  safe  method  in  side-hill  work  is  to 
actually  compute  the  amounts  of  excavation  and  embankment 
from  cross-sections,  mark  the  amount  for  each  cut  and  fill  on 
the  profile,  and  compare  the  results.  Any  changes  required  in 
the  grade  or  alignment  may  then  be  discovered  and  effected 
before  the  work  of  construction  has  begun. 


CHAPTER    V. 

Simple   Curves. 

A.  Elementary  Belations. 

^  82*  The  centre  line  of  a  located  road  is  composed  alternately 
of  straight  lines  and  curves. 

The  straight  lines  are  called  tangents  because  they  are  laid 
exactly  tangent  to  the  curves.  A  tangent  may  be  indefinitely 
long,  but  should  never,  as  a  rule,  be  shorter  than  200  feet 
between  two  curves  which  deflect  in  opposite  directions,  nor 
shorter  than  500  feet  between  curves  which  deflect  in  the  same 
direction.  A  curve  should  not  be  less  than  200  feet  long. 
When  a  tangent  is  said  to  be  straight,  the  meaning  simply  is 
that  it  has  no  deflections  to  the  right  or  left;  for  since  it  fol- 
lows the  surface  of  the  ground,  it  evidently  has  as  many 
undulations  as  the  ground.  But  if  we  conceive  a  vertical 
plane  to  be  passed  through  the  line,  a  horizontal  trace  of  this 
plane  will  accurately  represent  the  line;  and  so,  if  we  con- 
ceive a  vertical  cylinder  to  be  passed  through  a  curve  on  the 
surface  of  the  ground,  a  horizontal  trace  of  that  cylinder  will 
accurately  represent  the  curve,  since  all  distances  and  angles 
are  measured  horizontally,  whatever  be  the  irregularities  of 
the  surface.  In  all  problems,  therefore,  relating  to  this  sub- 
ject, we  may  consider  the  ground  to  be  an  absolutely  level 
plain. 

83.  A  Simple  curve  is  a  circular  arc  joining  two  tan- 
gents.   It  is  always  concidorcd  as  limited  by  the  two  tangent 
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points,  and  any  part  of  it  beyond  these  points  is  called  the 
curve  produced.  The  first  tangent  point,  or  the  point  where 
the  curve  begins,  is  called  the  Point  of  Curve,  and  is  indicated 
by  the  initials  P.  (7.  The  point  where  the  curve  ends,  and  the 
next  tangent  begins,  is  called  the  Point  of  Tangent,  and  is  indi- 
cated by  the  initials  P.  T.  When  accessible,  these  points  are 
always  occupied  by  the  transit  in  the  course  of  the  survey, 
and  the  plug  driven  to  fix  the  point  is  guarded,  not  only  by 
the  usual  stake  bearing  the  number  of  the  station,  but  also  by 
another  bearing  the  proper  initials,  the  **  degree"  of  the  curve, 
and  an  "i?"  or  "X"  to  indicate  whether  the  deflection  is  to 
the  Right  or  Left. 

S4r.  A  simple  curve  is  designated  either  by  the  radius,  12, 
or  the  degree  of  curve,  D, 

The  Degree  of  Curve,  D,  is  an  angle  at  the  centre,  sub- 
tended by  a  chord  of  100  feet.  It  is  expressed  by  the  number 
of  degrees  and  minutes  in  that  angle,  or  in  the  arc  of  the 

curve  limited  by  the  chord  of  100 
feet.  Therefore  D  equals  the  num- 
ber of  degrees  of  are  per  station. 

The  radius  B  and  degree  of 
curve  D  can  be  expressed  in  terms 
of  each  other. 
Let  ahy  Fig.  3,  be  a  chord  of 
^**'  ^*  100  feet   subtending  an  arc  de- 

scribed with  a  radius  ao  =  R  from  the  centre  o.  Then,  by 
definition  the  angle  hoa  =  D.  Bisect  the  angle  hoa  by  a  line 
og,  and  this  line  will  also  bisect  the  chord  ah  and  be  perpen- 
dicular to  it ;  and  in  the  right-angled  triangle  hgo  we  have 

bg  =  ob  X  sin  bog 
or 

Hence,  to  find  Badius  in  terms  of  Degree  of  Curve: 

B^-J^  (16) 

sm  ii> 

and  to  find  Degree  of  Curve  in  terms  of  Radius: 

sin  i-D  =  ^  (17) 
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It  is  the  practice  of  English  engineers  to  assume  the  radius 
at  some  round  number  of  feet  and  calculate  the  degree  of  curve, 
which  is  therefore  fractional.  In  America,  on  the  contrary, 
the  degree  of  curve  is  assumed  at  some  integral  number  of 
degrees  or  minutes,  and  the  radius  deduced  from  this. 

Example. — What  is  the  radius  of  a  3**  30'  curve? 

50  log        1.698970 

i2>  =  1°  40'       log  sin  8 .  463665 

Ans,  i?  =  1719.12   log        3.335305 

Thus  the  second  and  third  columns  of  Table  IV.  have  bee\_ 
calculated. 

Example. — What  is  the  degree  of  curve  when  the  radius  is 
600  feet? 

50  log        1.698970 

iJ  =  600  log       2.778151 

^D  =  4°  46'  48'. 73  log  sin  8.920819 
Ans.  i)  =  9°33'37".46 

Measurement  of  Curves, 

85.  A  railroad  curve  is  always  assumed  to  be  measured  with 
a  100-foot  chain,  and  as  the  chain  is  stretched  straight  between 
stations  it  cannot  coincide  with  the  arc  of  the  curve,  but 
forms  a  chord  to  the  arc,  as  in  Fig.  3.  Consequently  the 
curve  as  measured  from  one  tangent  point  to  the  other  is  an 
inscribed  polygon  of  equal  sides,  each  side  being  100  feet. 
The  sum  of  these  sides  (with  any  fraction  of  a  side  at  either 
end  of  the  curve)  is  called  the  Length  of  curve,  L.  This  length 
L  is  evidently  a  little  less  than  the  length  of  the  actual  arc 
between  the  same  points,  but  the  latter  we  very  seldom  have 
occasion  to  consider. 

86.  If  the  chain  lengths  were  taken  on  the  arc  instead  of  as 
chords  of  tho  curve,  the  degree  of  curve  would  be  inversely 
proportional  to  the  radius,  and  since  the  arc  whose  length  is 
equal  to  radius  contains  57.3  degrees  nearly,  wc  should  have 

i>:57%3::  100  :  ii 
or 

5730 
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a  convenient  formula,  but  only  approximately  true  when  2>  is 
small,  and  seriously  at  fault  when  D  is  large;  the  error  in- 
volved being  proportional  to  the  difCerence  in  length  of  a 
100-foot  chord,  and  the  arc  which'  it  subtends. 

87.  Tbe  Central  Angle  of  a  simple  curve  is  the  angle 
at  the  centre  included  between  the  radii  which  pass  through  the 
tangent  points  (P.C.)  and  (P. T.).  It  is  therefore  equal  to  the 
number  of  degrees  contained  in  the  entire  arc  of  the  curve 
between  those  points.  The  central  angle  will  be  designated 
by  the  Greek  letter  a  (delta). 

From  the  definitions  of  the  length  and  degree  of  curve  we 
have  the  proportion, 

2> :  A  ::  100  :  Z. 

Hence,  to  find  {he  liength  of  curve  in  terms  of  the  central 
angle: 

X  =  100-^  (18) 

Example. — What  is  the  length  of  a  4**  curve  when  the  cen- 
tral angle  is  99*"? 

7>  =  4''  and  A  =  39^*  {  4)2900 

Ans.     X  =  7  stations  +  25  feet      (       735  feet. 

To  find  the  Central  angle  in  terms  of  tlie  length  and  degree 
of  curoe: 

A  =  —  (1») 

100  ^    ^ 

Mtample, — What  is  the  central  angle  of  a  5**  curve  730  feet 
long? 

D  =  5%  X  =  730,       "?^^=86°.5 

Ans.  A  =  36°  30' 

To  find  the  Degree  of  curve  in  terms  of  tJie  length  and 
antral  angle: 

D  =  100  -^  (20) 

Bktample. — What  is  the  degree  of  a  curve  8  stations  long, 
and  having  a  central  angle  of  26°  40'  ? 

i  =  800,         A  =  36°.  666,         100  -^^  =  3°. 333 
Ans,  i)  =  3°  30' 
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Fia.  4. 


88«  If  two  tangents,  joined  by  a  simple  curve,  are  produced 
(one  forward  and  the  other  backward)  until  they  intersect,  the 

point  of  intersection,  F  (Fig.  4), 
IS  called  the  vertex,  and  the 
exterior  or  deflection  angle 
which  they  make  with  each 
other  is  equal  to  the  central 
angle,  A 

The  Tangent-distance, 
T,  is  the  distance  from  the 
vertex  to  either  tangent  point; 
thus  in  Fig.  4,  T=:AV-  VB. 
Tbe  Longr  Cbord,  G,  is 
the  line  AB  joining  the  two 
tangent  points. 

The  Middle-ordinate, 
Mt  is  the  line  OH,  joining  the 
middle  point  of  the  long  chord  with  the  middle  point  of  the 
curve. 

The  External  distance,  E,  is  the  line  HV,  joining  the 
middle  point  of  the  curve  with  the  vertex. 

We  observe  that  both  the  middle-ordinate,  Jf,  and  the 
external  distance,  E,  are  on  the  radial  line  joining  the  centre, 
0,  with  the  vertex,  F,  and  that  this  line  is  perpendicular  to 
the  long  chord,  G;  also,  that  it  bisects  the  central  angle 
AOB=  A,  and  its  supplement  ^  FB.  (Tab.  1. 14.)  We  also 
observe  that  the  angle  VAB-  FB^  =  iA  (Tab.  I.  20);  and 
if  in  the  figure  we  draw  the  two  chords  AH  and  BE,  the 
angle  Ads' equals  one  half  the  angle  BOH,  or  BAH  =  ABH= 
iA  (Tab.  I.  18);  also  the  angle  VAH=  VBH=iA. 

89.  If  we  have  laid  out  two  tangents  on  the  ground,  inter 
secting  at  F,  and  have  measured  the  angle,  a,  between  them, 
we  may  then  assume  any  other  one  of  the  elements  of  a 
simple  curve  before  mentioned,  and  calculate  the  rest.  If 
we  assume  D,  for  instance,  we  then  find  B  by  eq.  (16)  or  by 
Table  IV. 

Then,  having  A  and  J?,  we  may  proceed  to  calculate  the 
other  elements  as  they  are  needed. 

90.  To  find  the  Tang^ent-distance  in  terms  of  tfie 
Badius  and  Central  Angle : 
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In  the  right-angled  triangle  VOAy  Fig.  4,  we  have 

VA  =  0^  X  tan  VGA 
.-.  T    =i?taniA  (21) 

Otherwise,  approximately:  In  Table  VI.  ^  opposite  the  central 
angle,  take  the  value  of  T  for  a  1°  curve  and  divide  it  by  the 
degree  of  curve  D.  If  desirable,  add  the  correction  taken 
from  Table  V.,  corresponding  to  2>. 

Example. — What  is  the  tangent  distance  of  a  4**  curve  with 
a  central  angle  of  30°? 

D  =  4°  R  (Table  IV.)     log  3 .  156151 

A  =  30^         i  A  =  15"     log  tan  9.428052 

Arts.  r  =  383.89  feet  log        2.584203 

Otherwise : 

By  Table  VI.  4)1535.3 


Approximate  ans.  383.82 

Correction  from  Table  V.  .08 


Am.    r=  383.90  feet. 

91.  To  find  the  Longr  Chord  (7,  in  terms  of  Eadius  and 

Central  Angle  : 
In  the  right-angled  triangle  BOQ,  Pig.  4,  we  have 

BO  =  BOX  sin BOQ 

or 

i(7  =  i?siniA 

.  C7  =  2i?siniA  (22) 

But  in  case  A  can  be  divided  by  D  without  a  remainder, 
that  is,  if  the  curve  contains  an  exact  number  of  stations  (hot 
exceeding  12),  we  may  take  the  long  chord  at  once  from 
Table  VII. 

Example. — What  is  the  long  chord  of  a  3°  20'  curve  with  a 
central  angle  of  36°  40'  ? 

2  log        0.301030 

D  =  8°  20',  R  (Tab.  IV.)    log        8.235305 
A  =  36°  40',  i  A  =  18°  20'  log  sin  9.497682 

Ans.  C  =  1081.48  feet  log        8.084017 
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Otherwise: 

•g  =  -g^o-  =  11  Stations 

And  by  Table  VII.  C=  1081.48. 

92.  To  j!w(f  ^^Middle-ordinate  JbT,  t'nferwwij/'jBacfmj 
an<f  Central  Angle: 

It  is  evident  from  the  figure  that  if  the  radius  OR  were 
unity,  the  line  OH  would  be  the  nat.  versed  sine  of  the  arc 
Bff.  But  the  arc  ^fl"  measures  the  angle  BOff=\A,  and 
OH=B; 

.'.  M-Bvers^A  (23) 

But  in  case  A  can  be  divided  by  7>  without  a  remainder, 
that  is,  if  the  curve  contains  an  exact  number  of  stations  (not 
exceeding  12),  we  may  take  the  middle-ordinate  at  once  from 
Table  VIII. 

Example. — What  is  the  middle  ordinate  of  a  4**  30'  curve 
with  a  central  angle  of  40°  30? 

D  =  4°  30',        JS(Tab.  IV.)  log  3.105022 

A  =  40"  30',        iA  =  20'^  15'  log  vers  8.791049 

Ans.M  =7S.717  1.896071 

Otherwise : 

A      40.5      ^   ,  ,. 
^  =  —7--  =  9  stations 
JJ         4.0 

and  by  Tab.  VIII.  M  =  78.717 

93.  To  find  the  [External  I>istance  B  in  terms  of 
BaMu%  and  Central  Angle. 

It  is  evident  from  the  figure  that  if  the  radius  OA  were 
unity,  the  portion  HV  of  the  secant  line  OV  would  be  the 
external  secant  of  the  arc  AH,  But  the  arc  AZT  measures  tUe 
angle  AOH=  |a,  and  OA  =  B; 

.',  E=  Bexsec^A  (24) 

Ot?iei*wt8e,  approximately: 

In  Table  VI.,  opposite  the  central  angle,  take  the  value  of 
^  for  a  1°  curve,  and  divide  it  by  the  degree  of  curve  Z>. 
If  desirable,  add  the  proper  correction  corresponding  to  2>, 
taken  from  Table  V. 
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Example, — What  is  the  external  distance  JE^of  a  7*  80'  curve 
when  the  central  angle  is  60°  ? 

D  =  r  30',        i?(Tab.  IV.)  log         .   2.883371 
A  =  60^  i  A  =  30°       log  ex  sec  9 .  189492 


Ans.  JSr=  118.27  feet 

log             2.072863 

Otherwise: 

By  Tab.  VI. 
Approximate  ans. 
Correction  for  D  — 

T 

30' 

7.5)886.38 

118.184 

(Tab.  V.)             .084 

An8.E=  118.268 

94.  But,  instead  of  assuming  D  or  R,  we  may  prefer,  or  may 
find  it  necessary  to  assume,  some  other  element  of  the  curve, 
the  central  angle  being  given. 

If  we  assume  the  tangent  distance,  then: 

95.  To  find  the  Radius  and  Degree  of  Curve  in  terms 
of  the  Tangent-distance  and  Central  Angle, 

From  eq.  (21),  and  by  Table  II.  40,  we  have 

i?=rcotiA  (25) 

Othertmse,  approximately: 

Divide  the  tangent  of  a  1°  curve  found  opposite  the  value  of 

A  in    Table  VI.,   by  the    assumed   tangent    distance;    the 

quotient  will  be  the  degree  of  curve  in  degrees  and  decimals. 

i    Example.r—The  exterior  angle  at  the  vertex  is  54°,  and  the 

'  tangent  distance  must  be  about  700  feet.     What  shall  be  the 

^degree  of  curve? 

A  =  54°,        J  A  =  27"      log  cot  0 .292884 
T  =  700  2.845098 


logi?=  3.137932 

Ans.  By  Table  IV.  -D  =  4°  10'  + 

Otherwise: 

By  Table  VI.    700)2919 . 4 

Ans,  2)  =  4**  10' 15'  4.1706 

But  as  it  is  difficult  to  lay  out  a  curve  when  D  is  fractional, 
we  discard  the  fraction  and  assume  4**  10'  as  the  value  of  D. 
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This  may  require  us  to  recalculate  the  value  of  T,  which  we 
do  by  eq.  (21)  and  find  T=  700.8  feet  log  2.845596.     If  the 
other  elements  are  required,  they  may  be  calculated  by  eqs. 
(22),  (23).  (24),  or  directly  from  Tand  A,  as  follows: 
96.  To  find  the  External  distance  E,  in  terms  of  the 

Tangent-dutance  and  Central  Angle. 
In  Fig.  5  we  have  given 
AOB=  A  and.^F=  T,  to  find 
HV=  E,  In  the  diagram  draw 
the  chord  AHy  and  through  H  draw 
a  tangent  line  to  intersect  OA  pro- 
duced in  /,  and  join  VL 

Then  HI  is  parallel  to  BA,  and 
sinceffl'=  .4F=  T,  and  ^/=  IIV 
=  Ey   VI  is  parallel  to  HA,    and 
VIH  =  HAS  =  i A.     (Tab.  I.  18.) 
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In  the  right-angled  triangle  VHI  we  have 

HV=  HI  X  tan  VIH 


or 


E=  rtanjA 


(26) 


Example. — The  angle  at  the  vertex  being  54°  and  the  tan- 
gent-distance 700.80  feet,  how  far  will  the  curve  pass  from 
the  vertex  ? 


r=  700.80  (from  last  example)  2.845596 
A  =  54^  i  A  =  IS**  30'  log  tan  9.380354 


Ans,   E  =  168.25  feet 


log  2.225950 


(For  the  formulae  by  which  to  find  the  long  chord  and  naid- 
dle-ordinate  in  terms  of  the  tangent-distance  and  central  angle, 
see  Table  III.  12  and  13.) 

97.  Again,  it  may  be  necessary  to  assume  the  external  dis- 
tance in  order  to  determine  the  proper  degree  of  curve. 

To  find  the  Radius  and  Deg^ree  of  Curve  in  terms  oj 
the  External  distance  and  Central  Angle: 

By  eq.  (24) 


B  = 


E 

ex  sec  J  A 


(27) 
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Otherwise: 

In  Table  YI.  divide  the  external  distance  of  a  1*  curve, 
opposite  the  given  value  of  A,  by  the  assumed  external  dis- 
tance; the  quotient  is  the  degree  of  curve  required. 

Example. — The  angle  at  the  vertex  being  24"  30',  the  curve  is 
desired  to  pass  at  about  65  feet  from  the  vertex.  What  is  the 
proper  degree  of  curve  ? 

^  =  65         log  .1.812913 

A  =  24"  30',         i  A  =  12"  15'  log  ex  sec  8.367345 


\ 


logi2=:  3.445568 

^718.  By  Table  IV.  i>  =  2°  03'  + 
Otherwise:  e 

By  Table  ^^I.    65)133.50 
Am.  7>  =  2"03'14''       '  2°. 0538 

We  may  therefore  assume  a  2"  curve,  unless  required  by 
the  circumstances  to  be  more  exact,  when  we  might  use  a 
2'  03'  curve.     Assuming  a  2"  curve,  we  have  by  eq.  (24) 

^=68.75   log  1.824460 

Having  decided  on  the  degree  of  curve,  we  may  calculate 
the  remaining  elements  by  eqs.  (21),  (22),  (23),  which  is  always 
the  better  way,  but  we  may  calculate  them  directly  from  E 
and  A. 

98.  To  find  the  Tang'ent-distance  in  terms  of  the 
External  distance  and  Central  Angle: 

From  eq.  (26),  and  by  Table  II.  40, 

T=^E  cot  I A  (28) 

Example.— The  angle  at  the  vertex  is  24"  30',  and  the  curve 
passes  66.75  feet  from  the  vertex.  How  far  are  the  tangent 
points  from  the  vertex  ? 

J^  -  66 .  75  (from  last  example)         log        1 .  824460 
A  =  24"  30',     i  A  =  6"  07'  30'  log  cot  0 .  969358 

Ans.  T  =  622.04  feet  2.793818 

99.  Bemark.—^s.  (27)  and  (28)  are  particularly  useful  in 
defining  the  curve  of  a  railroad  track  where  all  ori^nal 
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points  are  lost.  Produce  the  centre  lines  of  tiie  tangents  of 
the  curve  to  an  intersection  F,  and  there  measure  the  angle  a.  i 
Bisect  its  supplement  A  VB,  and  measure  the  distance  on  tlie 
bisecting  line  from  Fto  the  centre  line  of  the  track.  This 
will  give  VH=  E.  Then  R  and  T  may  be  calculated,  and  tlie 
distance  Inlaid  off  from  Fon  the  tangents,  giving  the  tangent  j 
points  A  and  B. 

(For  the  formulas  by  which  to  find  the  long  chord  and  mid- 
dle-ordinate  in  terms  of  E  and  A,  see  Table  III.  16  and  17.) 

100.  Again,  having  only  the  central  angle  given,  we  may ! 
assume  the  long  chord,  or  the  middle-ordinate,  and  from  either 
of  these  and  the  central  angle  calculate  the  remaining  ele< 
ments.  Or,  finally,  the  central  angle  being  unknown,  we  may 
suppose  any  two  of  the  linear  elements  given,  and  from  these 
calculate  the  rest.  As  such  problems  have  little  practical 
value,  their  discussion  is  omitted.  The  requisite  formulae  for 
their  solution  are  given  in  Table  III.,  and  the  verification  of 
them  is  suggested  as  a  profitable  exercise  to  the  student. 

B.  Location  of  Curves  hy  Deflection  Angles, 

101.  In  order  that  the  stakes  at  the  extremities  of  the 
100-foot  chords,  by  which  the  curve  is  measured,  shall  be  set 

exactly  on  the  arc  of  the  curve 
by  transit  observation,  it  is  neces- 
sary at  the  point  of  curve,  A,  to 
deflect  certain  definite  angles 
from  the  tangent  AV.  Let  us 
suppose  that  in  the  curve  A  By 
Fig.  6,  the  points  A,  a,  5,  c,  d, 
etc.,  indicate  the  proper  posi- 
tions of  the  stakes  100  feet  apart, 
and  that  OA  is  the  radius  of  the 
curve.  In  the  diagram  join  Oa, 
Oh,  etc. ,  and  also  Aa,  ah,  he,  etc. 
Then,  by  definition,  the  angle  AOa  =  B,  and  by  Geom. 
(Tab.  I.  20  and  11)  the  angle  VAa  =  ^D.  Therefore  if 
we  set  the  transit  at  A,  and  deflect  from  AV  the  angle 
JD,  we  shall  get  the  direction  of  the  chord  Aa,  on  which  by 
measuring  100  feet  from  ^  we  fix  the  stake,  a,  in  its  true 
position  on  the  curve.  So  again,  since  the  angle  aOb,  at 
the  centre,  =  D,  the  angle  a  Ah,  at  the  circumference,  =  ^D. 
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If  therefore,  with  the  transit  at  A,  we  deflect  the  angle  iD 
from  the  chord  Aa,  we  shall  get  the  direction  of  the  chord 
Ab;  and  when  the  stake  b  is  on  this  chord  it  will  also  be  on 
the  curve,  if  b  is  100  feet  distant  from  a.  Thus,  in  general, 
we  may  fix  the  position  of  any  stake  on  the  curve,  by  deflect- 
ing an  angle  ^D  from  the  preceding  stake,  and  at  the  same 
time  measuring  a  chain^s  length  from  it, — the  chain  giving 
tlie  distance,  while  the  instrument  at  A  gives  the  direction  of 
the  point. 

jgD  is  called  the  Deflection-angle  of  the  curve;  so  that  in 
any  curve,  the  deflecHan-angle  is  eqtial  to  one  half  the  degree  Oj 
tune, 

102«  Since  each  additional  station  on  the  curve  requires 
an  additional  deflection-angle,  the  proper  deflection  to  be  made 
at  the  tangent  point  from  the  tangent  to  any  stake  on  the 
curve  is  equal  to  the  deflection-angle  of  the  curve  multiplied 
by  the  number  of  stations  in  the  curve  up  to  that  stake;  or  it 
is  equal  to  one  half  the  angle  at  the  centre  subtended  by  the 
included  arc  of  the  curve. 

103.  It  may  happen  that  all  the  stations  of  a  curve  are  not 
visible  from  the  tangent  point,  A.  When  this  is  the  case  a 
new  transit-point  must  be  prepared  at  some  point  on  the 
curve,  by  driving  a  plug  and  centre  in  the  usual  manner,  and 
the  transit  moved  up  to  it.  Let  us  suppose  that  the  point  d. 
Fig.  6,  has  been  selected  for  a  transit-point,  and  that  the 
transit  has  been  set  up  over  it.  Before  the  curve  can  be  run 
any  farther,  it  is  necessary  to  find  the  direction  of  a  tangent  to 
the  curve  at  the  point  d.  For  this  purpose  we  deflect  from 
chord  dA  an  angle  Adz  equal  to  the  angle  YAd  previously 
deflected  to  fix  the  point  d,  (Tab.  1. 16.)  Or  we  may  adopt  the 
following 

Rule:  To  find  the  direction  of  the  tangcent  to  a 
curve  at  the  extremity  of  a  given  chard,  deflect  from  the  chord  an 
angle  equal  to  one  half  the  angle  at  the  centre  subtended  by  the 
ehard.    (Tab.  I.  20.) 

Having  thus  found  the  direction  of  the  auxiliary  tangent 
zdx,  we  proceed  to  deflect  from  dx,  (JD)  for  the  next  station  Cy 
2  (JD)  for  station/,  3(iD)  for  station  g,  etc.,  as  before.  When 
the  end  of  the  curve  is  reached,  a  transit-point  is  set  at  the 
Point  of  Tangent,  after  which  it  only  remains  to  find  the 
direction  of  the  tangent,  by  the  above  rule.     Thus  if  g  is  to  be 
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the  point  of  tangent,  we  obtain  the  direction  of  the  tangent  by 
deflecting  from  the  chord  gd  an  angle  equal  to  xdg,  or  to 
\  dOg.  If  this  tangent  VS  was  already  established,  the  line 
gx  thus  obtained  should  coincide  with  it;  and  if  it  docs  so, 
the  correctness  of  our  work  is  proved. 

104*  The  centre  line  is  measured,  and  the  stations  num- 
bered regularly  and  continuously  through  tangents  and 
curves  from  the  starting  point  to  the  end  of  the  work.  It 
therefore  frequently  happens  that  a  curve  will  neither  begin 
nor  end  at  an  even  station,  but  at  some  intermediate  point,  or 
plies  distance. 

If  the  Point  of  Curve  occurs  a  certain  number  of  feet 
beyond  a  station,  the  first  chord  on  the  curve  is  composed  of 
the  remaining  number  of  feet  required  to  make  100. 

Any  chord  less  than  100  feet  is  called  a  siibcliord* 

If  a  curve  ends  with  a  subchord,  the  remainder  of  the  100 
feet  must  be  laid  off  on  the  tangent  from  the  Point  of  Tangent 
to  give  the  position  of  the  next  station,  so  that  the  stations 
may  everywhere  be  100  feet  apart. 

105.  The  deflection  to  he  made  for  a  mbcTiord  is  equal  to  one 
half  the  arc  it  subtends. 

Let  c  =  length  of  any  subchord  in  feet. 
''  d  =  angle  at  centre  subtended  by  subchord. 
Then,  from  eq.  (22),  by  analogy 

c  =  2Rsm\d  (29) 

But  by  eq.  (16)  Si?  =  ^ 

. -,_  sin  \d  ._^^ 


.-.  sinicZ=y— sin  JZ)  (31) 

When  D  does  not  exceed  8°  or  10°,  we  may  assume  without 
serious  error  that  the  angles  are  to  each  other  as  their  siucs, 
and  the  last  two  equations  become 

d 
(approx.)  c  =  100  -^  (32) 
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and  4^=-iOO"^*'^^  ^^^ 

In  curves  sharper  than  10°  per  station,  the  error  involved  in 
iliis  assumption  becomes  apparent  and  must  be  corrected. 

106.  If  curves  were  measured  on  the  actual  arc,  then 
eqs.  (33)  and  (33)  would  be  true  in  all  cases;  but  since  a  curve 
is  measured  by  100-ft.  chords,  it  is  evident  that  if  a  100-ft. 
chord  between  any  two  stations  were  replaced  by  two  or  more 
subchords,  these  taken  together  would  be  longer  than  100  feet, 
since  they  are  not  in  the  same  straight  line.  Let  us  conceive 
tiie  actual  arc  of  one  station  to  be  divided  into  100  equal 
parts;  since  the  arc  is  longer  than  the  chord,  each  part  will  be 
slightly  longer  than  one  foot.  Now  if  we  take  an  arc  contain- 
ing any  number  of  these  parts  (less  than  100),  the  nominal 
length  of  the  corresponding  subchord  in  feet  will  equal  the 
number  of  parts,  and  the  deflection  for  the  subchord  will  be 
praportianaZ  to  the  number  of  parts  which  the  arc  contains. 
The  deflection  therefore  will  be  exactly  given  by  eq.  (33)  if  in 
that  equation  we  let  c  equal  the  nimiber  of  parts  in  the  arc,  or 
the  nominal  length  of  the  subchord  in  feet.  Having  thus 
obtained  the  correct  value  of  (i  d),  we  may  introduce  it  into 
eq.  (39)  or  (30),  and  obtain  the  true  value  of  the  subchord, 
which  will  always  be  a  little  greater  than  its  nominal  value. 

Suppose,  for  instance,  that  the  arc  of  one  station  is  to  be 
divided  into  four  equal  portions;  then  each  subchord  will  be 
nominally  35  feet  long;  and  by  eq.  (33) 

H  =  ^  (i-0)  =  i  (i^  (34) 

which  is  the.correct  value  of  the  deflection,  whatever  be  the 
degree  of  curve.  Substituting  this  value  in  eq.  (39)  or  (80)  we 
obtain  the  true  value  of  the  subchord,  c,  a  little  greater  than 
25;  the  excess  is  called  the  correction  of  the  nominal  length. 

107.  This  correction  for  any  given  subchord  bears  an 
almost  constant  ratio  to  the  excess  of  arc  per  station,  what- 
ever be  the  degree  of  curve.  These  ratios  are  shown  in  the 
following  table  for  a  series  of  subchords,  and  Table  VII.  gives 
the  length  of  actual  arc  per  station  for  various  degrees  of 
curve.  Subtracting  100  we  have  the  excess  of  arc  per  station, 
and  multiplying  this  excess  by  the  ratio  corresponding  to  the 
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nominal  length  of  subchord  we  obtain  as  a  product  the  proper 
correction  for  the  subchord. 

TABLE    OP    THE    KATIOS    OF    CORRECTIONS  OF   STJBCH0RD8  TO 
THE  EXCESS  OF  ARC  PER  STATION. 


Nominal 

Nominal 

Nominal 

Iieogth  of 

Ratio. 

I^n^bof 
Subchord. 

Ratio. 

Length  of 

Ratio. 

Subchord. 

Subchord. 

0 

.C03 

35 

.tor 

70 

.336 

5 

.053 

40 

.881 

75 

.327 

10 

.093 

45 

.358 

80 

.287 

15 

.147 

60 

.874 

85 

.235 

20 

.192 

55 

.383 

CO 

.169 

25 

.234 

60 

.383 

95 

.092 

80 

.278 

65 

.374 

100 

.ODD 

We  observe  that  the  largest  correction  is  required  by  a  sub- 
chord  between  55  and  60  feet  in  length. 

Example. — It  is  proposed  to  run  a  14"  curve  with  a  50  ft. 
chain.    What  correction  must  be  added  to  the  chain? 


By  eq.  (30) 


i^  =  ^X7"  =  3°.5  =  3''30' 


.  =  100  -^^IB-  =  50.093 


sin  7' 


Ans.  Correction  =  .093 


Or,  by  Table  VII., 


and  by  above  table, 

Ans.  Correction  =  product 


length  of  arc 
excess  of  arc 
ratio  for  50  feet 


100.249 
.249 
.374 

=        .093 


Example,— 1l\iq  RG.  of  an  18°  curve  is  fixed  at  +  55  fee* 
beyond  a  station.  What  are  the  nominal  and  true  values  of 
the  first  subchord,  and  what  the  proper  deflection? 

Nominal  value  =  100  —  55  =  45  feet 

45 
Deflection  =  J^f  =  j^  X  9°  =  4°.05  =  4°  03' 

and  by  eq  (30) 

True  value  =  c  =  100  ^^°  ^°  ?-  =  45.148 

sm  9 
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Or,  by  Table  YIL,  excess  of  arc  =     .412 

bj  above  table,  ratio  for  45  feet  =     .358 

Correction  =  product  =      .  147 
Ans.  True  value  of  subchord  =45.147 

Meample. — The  last  deflection  at  the  end  of  a  40"*  curve  is 
found  to  be  6**  80'.  What  are  the  nominal  and  true  values  of 
the  last  subchord? 

Here  id  =  Q°  80',  and  by  eq.  (82) 


By  eq.  (30) 


Nominal  value,  c  =  100  -^  =  82.5  feet 


True  value,  e  =  100  ^^  ^[^^  =83.098  feet 

sm  20 

Or  by  Table  VII.,  excess  of  arc  40**  =    2.060 

by  above  table,  ratio  for  32.5  feet  =      .290 

Correction  =  product  =      .597 
Nominal  value  of  subchord  =  82.5 


True  value  =83.097 

108.  For  convenience  in  making  deflections,  the  zeros  of 
the  instrument  should  always  be  together  when  the  line  of 
collimation  coincides  with  a  tangent  to  the  curve.  Thus,  in 
beginning  a  curve,  the  transit  being  set  at  the  P.  C.  zeros 
together,  and  line  of  collimation  on  the  tangent,  the  read- 
ing of  the  limb  for  any  station  on  the  curve  has  simply  to  be 
made  equal  to  the  proper  deflection  from  the  tangent  for  that 
station.  After  the  transit  is  moved  forward  from  the  P.  G. 
and  set  at  another  point  of  the  curve,  the  vernier  is  set  to  a 
reading  equal  to  the  reading  used  to  establish  that  point,  but 
on  the  opposite  side  of  the  zero  of  the  limb,  and  the  line  of 
collimation  is  set  on  the  P.  C.  just  left.  Then  by  simply  turn- 
ing the  zeros  together  again,  the  line  of  collimation  will  be 
made  to  coincide  with  a  tangent  to  the  curve  through  the  new 
point,  and  the  deflections  for  the  succeeding  stations  can  be 
read  off  directly,  as  before.  Thus  any  number  of  transit 
points  may  be  used  in  locating  a  curve  by  finding  the  direc- 
tion of  the  tangent  through  each  by  a  deflection  from  the  pre- 
ceding point,  until  finally  the  P.  T.  is  reached,  where  another 
deflection  gives  the  direction  of  the  located  tangent. 
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109.  The  assistant  engineer  keeps  neat  and  systematic 
field-notes  of  all  his  operations  with  the  transit  in  running 
curves.  The  numbers  of 'the  stations  are  written  in  regular 
order  up  the  first  column  of  the  left-hand  page  of  the  field- 
book,  using  every  line,  or  every  other  line,  as  may  be  pre- 
ferred. The  second  column  contains  the  initials  of  each 
transit  point  on  the  same  line  as  the  number  of  ils  station,  or 
between  lines,  if  the  point  occurs  between  two  stations.  In 
the  third  column,  and  opposite  the  initials  in  the  second,  is 
recorded  the  station  and  plus  distance,  if  any,  of  each  transit 
point.  The  fourth  column  contains,  opposite  the  "P. (7.,"  the 
degree  of  curve  used,  and  an  B  or  L,  showing  whether  the 
curve  deflects  to  the  right  or  left;  the  fifth  column  contains 
the  readings  or  deflections  made  from  a  tangent  to  set  each 
station  or  point,  written  on  the  same  line  as  the  number  of 
that  station  or  point ;  and  the  sixth  column  contains  the  cen- 
tral angle  of  the  whole  curve,  a,  written  opposite  the  " P. T." 

The  plus  distances  recorded  in 
the  third  column  are  always  the 
nominal  lengths  of  subchords,  but 
if  the  true  lengths  have  been  calcu- 
lated and  laid  off  on  the  ground, 
these  should  also  be  recorded  in 
parenthesis.  On  the  right-hand 
page  are  recorded  the  calculated 
bearings  of  the  tangents  and  their 
magnetic  bearings;  and  on  the 
centre  line  of  the  page,  opposite 
the  record  of  each  transit  point,  a 
dot  is  made  with  a  small  circle 
around  it,  to  show  the  relative  position  of  the  several  points 
on  the  ground.  Some  slight  topographical  sketches  may  be 
made,  indicating  the  more  prominent  objects,  but  the  full 
sketches  should  be  taken  by  the  topographer  in  a  separate  book. 

110.  Since  the  deflections  start  from  zero  at  each  new 
transit  point,  the  sum  of  the  deflections  by  which  the  transit 
points  are  located  wiU  he  equal  to  one  half  the  central 
angle  of  tlie  curve. 

111.  The  stations  on  a  curve  may  be  located  by  deflec- 
tions only,  without  linear  measurements.  For  this  purpose 
two  transits  are  set  at  two  transit  points  on  the  curve,  as  A 


\\\Vtai 
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and  B,  Fig.  7,  and  the  proper  deflections  for  any  station  are 
made  with  both  instruments,  the  station  being  located  by  find- 
ing the  intersection  of  the  two  lines  of  collimation. 

This  method  requires  that  the  two  transit  points  shall  have 
been  previously  established,  that  their  distance  from  each 
other  shall  be  known,  that  they  shall  be  visible  from  each 
otlier,  and  that  they  shall  both  command  a  view  of  the  stations 
to  be  located.  It  is  not  therefore  generally  useful,  but  may 
be  resorted  to  to  set  stations  which  fall  where  chaining  cannot 
!  be  accurately  done,  as  in  water  or  swamps.  The  chord  join- 
ing the  two  transit  points  becomes,  in  fact,  a  base-line,  and  the 
deflections  form  a  series  of  triangulations. 

C,  Location  of  Curves  by  Offsets. 

112.  A  curve  may  be  located  by  linear  measurement  only, 
without  angular  deflections.  There  are  four  general  methods, 
viz. : 

'^By  offsets  from  tfie  cliords  produced. 
By  middle-ordinateSy 
By  offsets  from  the  tangentSy  and 
By  ordinates  from  a  long  chord. 

To  locate  a  curve  by  offsets   from  the  chords 

produced. 

When  tfve  curve  begins  and  ends  at  a  station, 

113.  Let  A,  Fig.  8,  be  the  P.  G.  of  a  curve  taken  at  a  staUon, 
to  locate  the  other  stations,  a,  5,  c, 
etc.     The  chords  Aa,  ad,  6c,  etc., 
ciich  equal  100  feet,  and  since  the 
angle  AOa  =  D,  the  angle  VAa  = 

'  \D,  (Tab.  I.  20.)  Taking  an  off- 
set ax  =  t,  perpendicular  to  the 
tangent,  we  have  in  the  right- 
angled  triangle  Axa. 

ax  =  Aa  X  sin  JZ> 
or 

t    =  100  sin  J2>       (34) 

The  offset  t  is  called  the  tangent 
offset,  and  its  value  is  givenfor  all 
degrees  of  curve  in  Tab.  IV.  col.  4.  Tio.  a 

If    the    curve   were    produced 
backward  from  A,  100  feet  to  station  2,  the  offset  zy  would 
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equal  t;  and  if  the  chord  zA  were  produced  100  feet  from  A 
to  a',  the  offset  a'x  would  also  equal  t  Therefore  the  distance 
aa'  =  2ty  and  the  angle  aAa'  =2).  So  if  we  produce  the  chord 
Aa  100  feet  to  6',  the  distance  bb'  =  2t. 

To  lay  out  the  curve,  stretch  the  chain  from  A,  keeping  the 
forward  end  at  a  perpendicular  distance,  t,  from  the  line  of  the 
tangent  to  locate  station  a.  Then  find  the  point  h'  by  stretch- 
ing the  chain  from  a  in  line  with  a  and  A,  and  then  stretching 
the  chain  again  from  a,  ^:s.  its  forward  end  at  a  distance  from 
h'  equal  to  2^,  This  gives  station  5,  In  the  same  way  find 
other  stations. 

When  the  last  station,  as  d,  of  the  curve  is  reached,  produce 
the  curve  one  station  farther  to  e\  Then  the  tangent  through 
d  is  parallel  to  the  chord  ce\  and  laying  off  t  from  c  and  e'  per- 
pendicular to  this  chord,  the  tangent  c"e  is  found.  If  the  work 
has  been  correctly  done  the  tangent  c'e  will  coincide  with  the 
given  tangent  VB. 

When  the  curve  begins  or  ends  with  a  subcTiord, 

114.  Let  A,  Fig.  9,  be  the  C  C.  and  Aa  the  first  sub- 
chord  =  c,  and  the  angle  VAa  =  ^d,  and  let  the  offset  c^o?  =  <i. 

Then 

tr=C8mid  (35) 

Producing  the  curve  backward  to  the  nearest  station  2,  we 
have  another  subchord  Az  =  (100  —  c),  and  the  angle  yAz  =  J 
(i>  —  d),  and  putting  the  offset  yz  =  t^ 

t,=  {100 -c)  sin  i  (D-d)     .  (36) 

•    Laying  off  the  two  subchords  on  the  ground,  and  making 
,  the  proper  offsets,  t^  and  t^,  at  the 

same  time,  we  fix  the  position  of 
the  two  stations  a  and  z  on  the 
curve  ;  after  which  we  may  pro- 
duce the  chord  za  100  feet  to  b', 
and  proceed  as  before  until  the 
curve  is  finished. 

If  tlie  curve  ends  with  a  sub- 
chord,  as  dB,  produce  the  curve 
to  the  first  station  beyond  B,  as 
e",  then  calculate  the  two  offsets 
for  the  two  subchords  Bd  and  Be', 
f^  0,  and  lay  them  off  from  d  and  e* 
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perpendicular  to  the  supposed  direction  of  the  tangent.  If 
the  line  d'e  so  obtained  coincides  with  the  given  tangent,  VB, 
the  work  is  correct. 

115.  We  may  find  the  values  of  t,  and  t^  otherwise  than 
by  the  formulae  above,  for  in  Fig.  8  we  have  shown  that  the 
angle  aAa'  =  aOA,  and  since  these  triangles  are  isosceles. 
they  are  similar;  therefore 

Fig.  8,  OA  :  Aa  wAa  :  aa* 

or  jB:  100::100:2< 


and  similarly.  Fig.  9, 


Hence 


t 

(100)« 

%l   — 

2M 

c^ 

/    — 

I,  — 

2M 

X ^  »  I  w 

c «  :  (100)« 

t  — 

cU 

(37) 


(38) 


•.  -   ^QQ)2  (39) 

Thus  t^  may  be  found  by  multiplying  the  square  of  the  sub- 
chord  by  the  value  of  t  given  in  Tab.  IV.,  and  dividing  the 
product  by  10000.  As  c  is  always  less  than  100,  so  t^  is  always 
less  than  t, 

<:>116.  In  eqs.  (35),  (38),  and  (39)  it  is  customary  to  use  the 
nominal  values  of  c,  and  this  can  produce  no  error  in  t  or  t, 
exceeding  -005;  when  the  degree  of  curve  does  not  exceed  ten 
degrees.  In  the  case  of  a  very  sharp  curve,  the  formulae  eqs. 
(40)  aud  (41)  are  preferable. 

To  locate  a  curve  by  middle-ordinates* 

When  the  curve  begins  and  ends  at  a  station. 

117.  In  Fig.  10,  let  A  be  the  P.  G.  at  a  station,  and  let  a  and 
I  be  the  next  stations  on  the  curve  either  way  from  A.  Then, 
since  zy  =  ax  z=  f,  the  chord  sa  is  parallel  to  the  tangent  A  V, 
and  A^  =  t.  Hence,  having  any  two  consecutive  stations  on 
the  curve,  as  z  and  Ay  we  may  lay  off  the  tangent  offset  t 
from  ^  to  ^  on  the  radius,  and  find  the  next  station,  a,  100  feet 
from  A  on  the  line  zg  produced.  Then  laying  off  a^  =  ^  on 
the  radius  aO,  a  point  on  the  line  Ah  produced  and  100  feet 
from  a  will  be  the  next  station  h 
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On  reaching  the  end  of  the  curve,  the  tangent  is  found 
precisely  as  described  in  the  method  by  chords  produced,  §  113. 

In  Fig.  10,  we  observe  that  if  the  radius  OA  were  unity,  ffA 
would  be  the  versed  sine  of  the  angle  aOA  =  D,    But  gA  =  t. 


,  t  =  B  vers  D 


(40) 


When  ifie  curve  begins  or  ends  with  a  subchord. 

118.  Let  A,  Fig.  11,  be  the  P.C,  and  a  and  z  the  nearest 


O  *~--^. 


Fro.  10. 

Stations.     Then  Aa  =  c,  the  first  subchord,  and  aOA  =  cf,  and 
by  analogy,  we  have  from  the  last  equation,  if  <mj  =  <,  and 

t,  —  R  vers  d  ) 

f,  =i2vers(Z>-<f)  f  (^1) 

or  eq.  (39)  may  be  used  if  preferred. 

Having  found  the  two  stations,  a  and  2,  on  the  curve,  lay 
off  from  the  forward  station  a,  ah  =  ^  on  the  radius,  and  so 
continue  the  curve  as  described  above. 

When  the  end  of  the  curve  is  reached,  produce  the  curve  to 
the  next  station  beyond,  and  find  the  tangent  by  offsets  as 
described  in  the  previous  method,  §  114. 

To  locate  a  curve  by  offsets  from  the  tangents. 

When  tJie  curve  begins  at  a  station. 

1 19.  Let  A,  Fig.  12,  be  the  P.  G,  at  a  station.  Then  the 
next  station  a  is  located  by  the  tangent  offset  t,  taken  from 
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Tab.  rv.,  or  calculated  by  eq.  (40).    To  calculate  the  distances 

and  offsets  for  the  following  stations,  b,  c,  etc.,  in  the  diagram 

draw  lines  through  the  points  h,  c,  etc.,  parallel  to  the  tangent 

AVt  intersecting  the  radius  ^0  in  ^',  g\  etc.,  and  draw  the 

lines  hx\  cx\  etc.,  perpendicular  to  the  tangent. 

Tlien 

jLxf  =  g'h  =  Ob  sin  bOA 


or 


and 
Also, 


or 


and 


^«'  =  i?sin2Z> 
Ax"  =  B  sin  3Z> 
etc.         etc. 

baf  z=ig'A  =  Ob  vers.  bOA 

t  =i?vers22>l 
r  =  i?  vers  32) 
etc.  etc. 


(42) 


(43) 


But  these  calculations  may  be  avoided,  for  as  twice  ag  equale 
tlie  chord  of  two  stations,  so  twice  bg'  equals  the  chord  of  four 
stations,  and  twice  eg"  the  chord 
of  six  stations,  etc.  So  also  as  Ag 
is  the  middle-ordinate  of  two  sta- 
tion, Ag'  is  the  middle-ordinate  of 
four,  and  Ag'  the  middle-ordinate 
of  six  stations,  etc.  Hence  the 
rule: 

Tlie  distance  on  the  tangent  from 
the  tangent  point  to  the  perpendicu- 
lar offset  for  the  extremity  of  any 
arc  is  equal  to  one  half  the  long 
chord  for  twice  that  arc;  and  tfie 
offset  from  the  tangent  to  the  ex- 
tremity of  any  arc  is  equal  to  the 
middle-ordinate  of  twice  that  arc. 

The  long  chords  and  middle-ordinates  may  be  taken  from 
Tables  VII.  and  VIII.  for  2,  4,  6,  8,  etc.,  stations,  when  the 
P.O.  is  at  a  station,  or  for  1,  3,  5,  7,  etc.,  stations,  when  the 
P.  (7.  Is  at  +  50,  or  half  a  station. 

If  the  offsets  from  the  first  tangent^  F prove  inconveniently 
long,  the  second  half  of  the  curve  may  be  located  from  the 
other  tangent  J5F,  beginning  at  the  point  of  tangent  B,  and 
closing  on  a  station  located  from  the  first  tangent. 


Fig.  1% 
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(44> 


When  the  curve  begins  with  a  guhchord. 

120.  If  <«=the  angle  at  centre,  subtended  by  tbe  first 
aubchord,  we  have  for  the  distances  on  the  tangent  (Fig.  13) 

Az  ■=^  R  sin  d 
Ax'  =  B  sin  {d  +  D) 
Ax"  =  B  sin  (d  +  2i)) 
etc.  etc. 

r 

and  for  the  offsets  (Fig.  11) 

t^  ■=  B  vers  d 
f  =B  vers  (d  +  D) 
f  =  B  vers  (d  +  2D) 
etc.  etc. 

If  the  first  subchord  equals  50  feet  (nominal),  then  d  =i-D, 
and  the  Tables  VII.  and  VIII.  may  be  used  as  explained 


1 


(45) 


Fia.  la 


Fio.  14. 


above.  These  tables  may  be  used  in  any  case,  by  adopting  a 
temporary  tangent  through  any  station,  and  laying  off  the  dis- 
tances on  this,  and  making  the  offsets  from  it. 

When  a  curve  is  located  by  offsets  the  chain  should  be  car- 
ried around  the  curve,  if  possible,  to  prove  that  the  stations 
are  100  feet  apart. 

To  locate  a  curve  by  ordinates  from  a  long: 

chord. 

When  the  curve  begins  and  ends  at  a  station. 
121.  In  Fig.  14  draw  the  long  chord  AB,  joining  the  tan- 
gent  points,  and  from  this  draw  ordinates  to  all  the  stations  on 
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the  curve.    "We  then  require  to  know  the  several  distances  on 
the  long  chord  Aa! ,  a'h\  h'c\  etc.,  and  the  length  of  ordinate 
at  each  point. 
Let  G  =  the  long  chord  AB,  then  eq.  (22) 

(7=2i2sin  JA 

» 
If  a  is  the  second  station  and  i  next  to  the  last  on  the  curve, 

join  a%  and  let  the  chord  ai  =  C.    Then  since  the  arc  Aa  = 

He  =  2),  the  angle  at  the  centre  subtended  by  (7'  is  (a  —  22)). 

.-.   (7'  =  2jKsini(A-2D) 

Again,  if  we  join  h  and  h  the  next  stations  and  let  hU  =  C 

(7"=  25  sin  Ha -4Z)) 

and  so  on  for  other  chords. 
Since  Aa'  =  A»,^  (7  =  C"  +  2Aa' 

.,Aa=^^ 
Similarly, 

a  0  = 7z 


Thus  we  continue  to  find  the  distances  up  to  the  middle  of 
the  curve,  after  which  they  repeat  themselves  in  inverse 
order. 

122.  When  the  long  chord  (7,  subtends  an  even  number  of 
stations  (as  10  in  Fig.  14),  the  middle  ordinate  of  the  chord  is 
the  ordinate. of  the  middle  station,  as  e.  Since  the  chords  AB 
and  ai  are  parallel,  the  ordinate  a' a  or  i'i  is  evidently  equal  to 
the  difference  of  the  middle  ordinates  of  these  chords. 

Let  My  M\  M\  etc.,  be  the  middle-ordinates  of  the  chords 
a  C\  G\  etc.    Then  eq.  (23) 

M  =  B  vers  J  A 
Jf'  =  i?  vers  J  (A  -2D) 
M''  =  Byet8i(A-4J)) 
etc.,  etc. 

And  a'a=i'i  =M-M' 

b'b  =h'h  =  M-M' 
etc.      etc.        etc. 

The  values  of  the  chords  and  middle-ordinates  may  be  taken 
at  once  from  Tables  VII.  and  VIII. 
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Example. — It  is  required  to  locate  a  4  degree  curve  of  ten 
stations  by  offsets  from  tlie  loug  chord. 
By  Table  VII. : 

Diff. 


10  sta. 

G    =980.014 

8  " 

.  G^   =789.803 

6  " 

(7»  =  595.744 

4  " 

C"i=  398.782 

2  " 

C7'^- 199.878 

0  " 

G'   =000.000 

190.211 
194.059 
196.962 
198.904 
199.878 


HDiff. 

95.105  =  ^a'  =  A»' 
97.080  =  a'V  =  ih 
98.481  =&V  =Ay 
99.452  =  e'^  =  g'f 
99.939  =  <?V  =  /<^ 


From  Table  VIII. : 


Diff. 


10  sta. 

JIf  -86.402 

8  " 

Afi  -55.500 

30.902  . 

—  a' a  —  I'i 

6  " 

Jf"  =31.308 

55.094 

=  h'b   =  li'h 

4  ** 

Jf'»  =13.943 

72.459 

—  c'c  ^g'g 

2  '* 

ifi^  -  3.490 

82.912 

=  d'd^fS 

0  " 

M^   =  0.000 

86.402 

=  e'e 

123.  When  the  long  chord  G  subtends  an  odd  number  of 
stations,  the  middle  ordinate  will  fall  half-way  between  two 
stations,  and  need  not  be  laid  off. 

If  the  ordinates  near  the  middle  of  the  curve  prove  incon- 
veniently long,  we  may  subtract  M—  M\  M'—M\  etc.,  and  so 
obtain  in  Fig.  14  a'a,  b''b,  d'c,  etc.  We  then  lay  off  Aa' y  a  a, 
ah\  b'h,  be",  etc.,  turning  a  right  angle  at  every  *point.  The 
chain  should  be  carried  along  the  curve  at  the  same  time  to 
make  the  stations  100  feet  apart. 

'    Example. — It  is  required  to  locate  a  10-degree  curve  of  nice 
,stations  by  offsets  from  the  long  chord. 

By  Table  VII.  : 


Diflf. 


JlSDiff. 


9  sta. 

811.314 

7  '* 

658.105 

153.209 

76.604  =  ^a' 

5  ** 

484.900 

173.205 

86.603  =  a'y 

3  " 

296.962 

187.938 

93.9rf&  etc. 

1  '* 

100.000 

196.962 

98.481 

0  " 

0.000 

lOO.OOO 

50.000 

By  Table  VTTI. : 

9  sta. 

168.029 

7    •* 

103.750 

5    *' 

53.750 

3    " 

19.548 

1    *' 

3.183 

0    " 

0.000 
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64.379 
50.000 
34.303 
17.365 
3.183 
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etc. 


124.  The  tables  can  be  used  equally  well  when  the  curve 
both  begins  and  ends  witli  a  half  station ;  also  to  locate 
half-station  points  throughout  the  curve,  but  in  the  latter  case 
the  numbers  are  taken  from  consecutive  columns  of  the  tables 
instead  of  from  alternate  col- 
umns, as  in  the  above  exami)les. 

When  the  curve  begins  or  ends 
wltJi  an,y  suhchord. 

:  125.  Let  A,  Fig.  15,  be  the 
P.O.  and  Aa^c  the  first  sub- 
chord,  and  d  the  angle  it  sub- 

i  tends  at  the  centre.  In  the  dia- 
giam  draw  the  long  chord  ABy 
and  the  ordinates  to  each  sta- 
tion, and  through  each  station  Oi 
draw  a  line  parallel  to  AB^  and 
\QiAOB=  A. 

Since  the  angle  YAB  =  J  A  and 
VAa  =  H  the  angle  aAB=  J  ( A  -  cQ.    The  deflection  angle 

ff  rem  the  subchord  Aa  produced  to  the  chord  ah  \%^id-\-  D), 
the  deflection  angle  between  any  two  consecutive  chords  of 
100  feet  is  i  (Z>  +  -D)  =  2>.    Therefore  the  angle 

,  bab''  =  i{A-d)-^(d+D)  =  i(A  -2d-D) 

cbc'  =  i(A-2d-D)-i(2D)  =  ^(A-2d-SD) 
cdd'^iiA  -2d-dD)  -  i  (3i))  =  i(A  -  2d-6D) 


Fio.  16. 


etc. 


etc. 


etc. 
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Solving  the  several  right-angled  triangles  we  have.  Fig,  15. 


And  also 


Aa!  =  c,  cos  i  ( A  —  (?) 
o^"  =  100  cos  i  ( A  -  2«/  -  B) 
be'  =  100  cos  i{A—2d—  3U)    ► 
dd"  =  100  cos  i  (A  -  2d  -  5i>) 
etc.,  etc.,     J 


(46) 


a' a  =  c.     sin  |(  A  —  rf) 
b"b  =  100sini(A  -2d-    D) 
c"c  =  100  sini  (A  -  2rf  -  32>)  \-  (47) 

d'c  =  100  sin  i  ( A  -  2(i  -  5i>) 
6ic. ,  eic , 

When  the  middle  point  of  the  curve  is  passed  the  minus 
quantities  in  the  parentheses  become  greater  than  A,  making 
the  parentheses  negative,  and,  therefore,  the  sines  negative, 
and  indicating  that  such  values  as  are  determined  by  tliem 
must  be  laid  off  toward  the  long  chord  AB, 

By  a  proper  summation  of  the  quantities  determined  by  eqs. 
(46)  and  (47)  we  obtain  the  distances  Aa\  Ah\  Ac\  etc.,  and 
tJie  ordinates  a' a,  b'b,  e'c,  etc.,  and  the  curve  may  be  located 
accordingly.  It  is  well  to  make  all  the  necessary  calculations 
before  beginning  to  lay  down  the  lines  on  the  ground,  thus 
avoiding  confusion  and  mistakes. 

Example.— The  RG,  of  a  3°  20'  curve  is  fixed  at  +  25  feet 
beyond  a  station,  and  the  central  angle  is  16°  24'  =  a.  It  is 
required  to  locate  the  curve  by  ordinates  from  the  long  chord. 

We  have  c  =  100-  25  =  75  and  e«  =  2°  80'  and  i>  =  3"  20'. 
Hence,  eqs.  (46) 


Aa'  =    75  cos 

6°  57'    =  74.449 

74.449  =  Aa' 

ab"  —  100  cos 

4°  02'    =99.752 

174.201  =  Ab' 

be'  =  100  cos 

0''  42'   -  99.993 

274.194  =  ^c' 

d'd  -  100  cos  (• 

-  2°  38')  -  99.894 

374.088  -  Aa 

e'e  =  100  cos  (- 

-  5°  58)  =  99.458 

473.546  =  Ae' 

e'B  -    17  cos  (■ 

-  r  55')  =  16.838 

490.384=  AB 

By  eqs.  (47) 

a'a  =    75  sin 

6°  57'=       9.075 

9.075  =  a'a 

b'b  - 100  sin 

4°  02'=        7.034 

16.109  =  i'6 

c'c  =  100  sin 

0^42'-        1.222 

17.331  =  c'c 

cd'  -  100  sin  (- 

2''38')-        4.594 

12.737  =  ^'rf 

de'  =  100  sin  (- 

5°  58) --10.395 

2.342  -  e'e 

ee'  =   17sin(- 

7°  55')=-   2.341 

0.000    ,  .    . 
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The  same  formulae  can  be  used  when  the  curve  begins  at  a 
station  by  making  c  =  100  and  d  =  D. 

12B*  The  methods  of  locating  curves  by  linear  measure- 
ments do  not  require  the  use»  of  a  transit,  although  one  may 
be  used  to  advantage  for  giving  true  lines,  turning  right 
angles,  etc.  When  a  transit  is  not  used  the  alignments  should 
be  made  across  plumb-lines  suspended  over  the  exact  points 
previously  marked  on  top  of  the  stakes.  A  rig^ht  ang:le 
may  easily  be  obtained,  without  an  instrument,  by  laying  off 
on  the  ground  tlie  three  sides  of  either  of  the  right-angled 
triangles  represented  in  the  following  table  (or  any  multiples 
of  them),  always  making  the  base  coincide  with  the  given  line. 

Table  op  Right-Angled  Triangles. 


Base. 

Hypothenuse. 

Perpend 

4 

5 

3 

12 

13 

5 

20 

29 

21 

24 

25 

7 

40 

41 

9 

60 

61 

11 

84 

85 

13 

J).  Obstacles  to  the  Location  of  Curves, 
127«  To  locate  a  curve  joining  two  tangents  when  the  in- 
tersection V  is  inaccessible.    Fig.  16. 

Prom  any  transit  point  p  on  one  tangent  run  a  line  pq  to 
intersect  the  other  tangent;  measure 
pq  and  the  angles  it  makes  with  the 
tangents.    Then  the  sum  of  the  de- 
flections at  p  and  g  equals  the  central 
angle   A.     Solve  the  triangle  pqV 
and  find  Vp.     Having  decided  on 
the  radius  B  of  the  curve,  calculate 
the  tangent  distance  VA  by  eq.  (21), 
and    lay  off  from  p   the    distance 
pA  =  VA  —  P5?  to  locate  the  point 
of  curve.      The  point  p  being  as- 
sumed at  random,  Vp  may  exceed  VA,  in  which  case  the  differ- 
ence pA  is  to  be  laid  off  toward  V 

In  case  obstacles  prevent  the  direct  alignment  of  any  line 
pq,  a  line  of  several  courses  may  be  substituted  for  it  (as 


Fig.  16. 
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explained  in  §§  46,  47,  48,)  from  which  the  length  of  j>q  will 
be  deduced.  The  algebraic  sum  of  the  several  deflections  will 
equal  A. 

128.  To  locate  a  curve  when  the  point  of  curve  is 
inaccessible.    Fig,  17. 

Assume  any  distance  Ap  on  the  curve  which  will  reach  to 
an  accessible  point  p.    Then  by  eq.  (19)  the  angle 


pOA=: 


Dx  Ap 


100 

Ap'  =  R  sin  pOA 
p'p  =  R  vers  ^  CM 
Vp'  =  VA-  Ap' 

Measure  Vp'  and  p'p  to  locate  a  transit  point  at  p\  and  meas- 
ure an  equal  offset  from  some  transit  point  on  the  tangent,  as 

qq'.  This  gives  a  line;?^',  parallel 
to  the  tangent,  from  which  deflect  at 
p  an  angle  equal  to  pOA  for  the 
direction  of  a  tangent  through  the 
point  p. 

Instead  of  measuring  the  second 
offset  qq'  we  may  deflect  from  pq  an 

jyp' 
angle  found  by  tan  qpq'  =  ^~  and  so 

qp 

obtain  the  line  p^  parallel  to  the 

tangent.    Or  we  may  deflect  from  p  V 

jyp' 
the  angle  found  by  tan  ^PJ?'  =4^,  to  obtain  the  line  q^p  pro- 
duced, from  which  the  tangent  to  the  curve  at  p  is  found  as 
above. 

Again,  we  may  lay  off  from  F,  the  external  distance  Vh 
found  by  eq.  (24)  or  Tab.  VI  on  a  line  bisecting  the  angle 
A  VB.  This  gives  us  hy  the  middle  point  of  the  curve,  and  a 
line  at  right  angles  'to  JiV  is  tangent  to  the  curve  at  A,  from 
which  the  curve  may  be  located  in  either  direction. 

129.  To  locate  a  curve  when  both  the  Vertex  and  Point 
of  curve  are  inaccessible.    Fig.  18. 
From  any  point  p  on  the  tangent  run  a  line  pq'  to  the  other 
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tangent,  and  so  determine  pA  as  in  §  127.    Suppose  the  curve 

produced  backward  to  p'  on  the  perpendicular  offset  pp\ 

Then 

pA 


sin^'O^ 


E 


and  pp'  =  R  vers  p'  OA 


Having  located  the  point  p\  a  parallel  chord  p'q  may  be 
laid  off,  giving  a  point  q  on  the  curve,  since  p'q  =  2  X  pA, 
At  9  deflect  from  qp'  an  angle  equal  to  p'OA  for  a  tangent  to 
the  curve  at  q. 
If  any  obstacle  prevents  using  fhe  chord  p'q,  any  other 


Fio.  la 
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chord  as  p's  may  be  used,  by  deflecting  from  p'q  the  angle 
qp'8  =  i  (qOs)  and  laying  off  its  length, 

p's  =  2R  sin  {p'  OA  +  qp's). 

At «  a  deflection  from  the  chord  sp'  of  (p'OA  +  gp'*)  will  give 

.the  tangent  at  s, 

'     If  obstacles  prevent  the  use  of  any  chord,  the  methods  de- 
scribed in  §  181  may  be  resorted  to. 

130.  To  pass  from  a  curve  io  the  forward  tangent  wlien  tJie 
Point  of  Tangent  is  inaccessible.    Fig.  19. 

From  any  transit  point  p  on  the  curve,  near  the  end  of  the 
curve,  run  a  chord  parallel  to  the  tangent.  The  middle  point 
g  of  the  chord  will  be  on  the  radius  through  the  point  of  tan- 
gent B.  At  any  convenient  point  beyond  this  an  offset  equal 
to  pp'  =  R  vers  pOB  may  be  made  to  the  i-angent,  and  at 
some  other  point  an  equal  offset  will  fix  the  direction  of  the 
tangent. 
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Otherwise,  if  an  unobstructed  Hue  pg  can  he  found  inter- 

BectiDg  Ibe  tangent  at  a  reasonable  distance  from  B,  r 
the  angle  (tpg  =  pqp',  and  lay  ofE  tbc  distance 


JV  = 


PP 
sin  g'ps 

to  fix  the  point  q.     Then 

Bg  =  p'q  —  p'B  =  pp'  cot  ^pg  —  Ji  sin  pOB. 

Oihenme;  assume  au  arc  of  any  number  of  stations  from 
ptoq'  on  the  curve  produced,  and  take  the  length  of  chord 
from  Tab.  VII.  Lay  ofl  pq',  and  from  q'  lay  off  q'g  ^  R 
vers  ^OB,  perpendicular  to  the  tangent,  lo  locate  q.  The 
angle  j)g"g  =  90°  —  ^pq',  and  tlie  distance  jB^Bsin  q'OB. 

131.  To  pass  an  obstacle  on  a  curve.    Fig.  30. 

From  any  transit  point  A  on  the  curve  take  the  direction 
of  a  long  chord  which  will  miaa  the  obstacle,  as  A'B'.  The 
length  of  this  chord  is  iR  sin 
V'A'B',  V'A'  being  tangent  to  tbc 
curve  at  A'  (see  eq.  33),  and  by 
measuring  this  distance,  the  point 
B'  on  the  curve  is  obtained.  If 
the  angle  V'A  'B'  is  made  equal  lo 
tlie  deflection  for  an  exact  number 
of  stations,  the  chord  may  be  taken 
'*  from  Tab.  VII. 

If  the  chord  which  will  clear  the 

obstacles  would  he  too  long  for  con-  ^ 

Pra.so.  Tcnience,  as  A'^,  we  may  measure 

a  part  of  it  as  A'p',  and  then,  by  au 

ordinate  to  some  station,  regain  the  curve  at  p.     The  distance 

on  the  curve  from  A'  ia  p  beihg  assumed,  the  distances  A'p' 

and  p'p  are  calculated  by  the  methods  given  in  %  131  to  §  135. 

If  p'p  can  be  made  a  middle  ordinate  the  work  will  he  much 

simpiificd.    If  more  convenient  the  middle  ordinate  may  first 

be  laid  off  from  A'  U>  p",  and  the  half  chord  afterwards 

measured  from  p'  to  locate  p. 

Again,  we  may  calculate  the  auxiliary  tangent  A'V  for 
any  assumed  length  of  curve  A'B',  and  lay  off  the  distance 
A'V    and  Y'B',  deflecting  at  V  an  angle  equal  to  twice 
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TA'B'.  But  if  the  point  V  should  prove  inaccessible,  we 
may  conceive  the  auxiliary  tangents  to  be  revolved  about  the 
chord  A  B'  as  an  axis,  so  that  V  will  fall  at  V,  and  the 
lines  -4'  V  and  VB'  may  be  laid  out  accordingly.  If  these 
in  turn  meet  obstructions,  we  may  run  a  curve  from  A'  to  B' 
of  same  radius  as  the  given  curve,  but  tangent  to  A'V  and 
VB'. 

Again,  the  entire  curve  or  any  portion  of  it  may  be  laid  out 
by  offsets  from  the  tangents,  or  by  ordinates  from  a  long 
chord,  as  already  explained,  §  119  to  §126. 

In  case  any  distance  on  a  curve  must  be  measured  by  a  tri- 
angulation,  as  in  crossing  a  stream,  a  long  chord  may  be 
chosen,  either  end  of  which  is  accessible,  and  the  triangula- 
tion  is  then  performed  with  respect  to  this  chord  or  a  part  of 
it,  as  upon  any  other  straight  line. 

8PECIAL    FBOBLEMS  IN  SIMPLE  CURVES. 

132*  GHven:  a  curve  joining  two  tangents,  to  find  the  change 
required  in  the  radius  R,  and  external  distance  E,  for  an 
assumed  change  in  the  value  of  the  tangent  distance  T.    Fig.  21. 


O    a 
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JjctT  =  Ar: 
B  =  AO 

js=vb: 


t€ 


VB        and  T'  =  A'  7  =  VB' 
"    B'  =  A'0,' 
E'zziVH' 


€i 


Then  T—T'=  AA'  =  the  given  change. 


By  eq.  (25) 


R   =T  cot^A 
i2'=  TcotiA 


OG=:B-'B'  =  {T~  7^')cotiA 


(48) 
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By  eq.  {2IS),  similarly, 

HH'  =E-B'  =  {T-  T')tajiiA  (49) 

Eqs.  (48)  (49)  give  the  changes  in  B  and  E  for  any  ciiange 
in  T,  When  T  is  increased  B  and  E  will  be  increased  also, 
and  vice  versa. 

Example. — A  4°  curve  joins  two  tangents,  making  an  angle 
of  38°  =  A,  and  it  is  necessary  to  shorten  the  last  tangent  dis- 
tance 80  feet  What  will  be  the  change  in  the  radius  and  ii\ 
the  external  distance? 

Eq.  (48)  T-T'  =  B0  log  1.903090 

iA  19"  log  cot  0.463028 


Ans,  R   -R'    232.34  log.  2.366118 

R  1432.69 


R '  =         1200. 35      or  about  4"  46'  =  2> '. 

If  the  tangent  distance  had  been  increased  80  feet  we  should 
add  the  above  to  R. 

R'  =  1665.03        or  about  3"  26'  =  2> ' 

Eq.  (49)        T^  T'  =  SO  log  1.903090 

iA  9"  30'       log  tan  9.223607 


Am.         E-E'      13.387  log  1.126697 

133.  Given:  a  curve  joining  two  tangents,  to  find  the  change 
required  in  the  radius  R,  and  tangent  distance  T,  for  any 
assumed  change  in  the  value  of  the  external  distance  E.    Fig.  21. 

We  suppose  HW  given  to  find  00  and  AA '. 

Byeq.  (24)  ^  =i2  exsec^A 

E'  =  R'  ex  sec  i A 

OG^R-R'^-^"^'  (50) 

ex  sec  -^  A  ^ 

By  eq.  (49) 

AA  =  T-  T'  =  (E-  E')  cot  ^a  (51) 
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Example, — A  4°  curve  joins  two  tangents,  making  an  angle 
of  38°  =  A ,  and  it  is  necessary  to  bring  the  middle  point  of 
the  curve  25  feet  nearer  the  vertex  V.  What  changes  are  re- 
quired in  the  radius  and  point  of  curve? 

Eq.  (50)     E-E'=  25  log  1.397940 

^A  19"        log  ex  sec  8.760578 

An9.        R-R'      433.87         log  2.637363 

R    1432.69 


R '    998.82  or  about  5"  44'  =  D' 

Eq.  (51)    E-^E'  25  log  1.397940 

iA  9**  30  log  cot  0.776393 

T-  T'        149.39  2.174333 

or  the  P.C.  will  be  moved  toward  the  vertex  149.39  feet. 

But  if  the  point  H,  Fig.  21,  were  to  be  moved  25  feet 
further  from  the  vertex  V,  then 

R'  -  1866.56  or  about  3"  04'  =  2>' 

and  the  P.C.  will  be  moved  149.39  feet  further  from  the 
vertex. 

It  is  preferable  to  assume  some  radius  from  Table  IV.  near 
the  value  of  R '  found  as  above,  and  from  this  calculate  the 
value  of  T'  by  eq.  (21). 

134.  Given:  a  eurve  joining  two  tangents,  to  find  tJie  cTiange 
^  made  in  the  tangent  distance  T,  and  external  distance  E,  by 
any  assumed  change  in  the  value  of  the  radius  R,    Fig.  21. 
By  eq.  (48) 

AA'  =  T-  T'  =  {R-R')X2iXi\A  (52) 

By  eq.  (50) 

HW  =E-  E'  =(R-R')  ex  sec  ^ A  (53) 

The  changes  calculated  by  eqs.  (52)  (53)  will  be  added  to  or 
subtracted  from  J'and  jE^  respectively,  according  as  the  cadius 
i>'  increased  or  diminished. 

13^«  Since  for  a  constant  value  of  the  central  angle  a, 
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the  homologous  parts  of  any  two  curves  are  proportional  to 
each  other,  we  may  write  at  once 


T' 


E' 


C 


R  =  R  „,  ■  =  R  tv  =  R  ,4  •  =  R 


T 
.R' 


E 

E' 


V 

c 


T    =  T-TT-  =  T-jT~  =  T~r-  =  T 


R 


etc. 


E 
etc. 


C 


(64) 


136.  Given:  a  cui^ve  joining  two  tangents,  to  change  the 
vosiUon  of  the  Point  of  curve  so  that  tlie  curve  may  end 
in  a  parallel  tangent.    Fig.  22. 

Let  AB  be  the  given  curve,  AV,  VB  the  tangents,  and 
VB '  the  parallel  tangent.    Then  VV  is  the  distance  from 

one  vertex  to  the  other;  and  since 
there  is  no  change  in  the  form  or 
dimensions  of  the  curve,  we  may 
conceive  it  to  be  moved  bodily, 
parallel  to  the  line  AVy  until  it 
touches  the  line  V'B\  when  every 
point  of  the  curve  will  have  moved 
a  distance  equal  to  VV.  Hence 
AA'=00'  =  BB'=  VV.  There- 
"^^  fore,  run  a  line  from  B  parallel  to 
AV,  intersecting  the  new  tangent  in 
B',  measure  BB\  and  lay  off  the  dis- 
tance from  A  to  find  A.  In  the  figure  the  new  tangent  is 
taken  outside  the  curve,  and  so  A '  falls  beyond  A,  but  if  the 
new  tangent  were  taken  inside  the  curve  at  V"B\  the  new 
P.  G.  would  fall  back  of  A  at  some  point  A\ 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset 
from  B,  as  Bp\  since  the  angle  BB'p  =  A 


Fio.  22. 


AA'  =  BB'  = 


Bp 

sin  A 


(55) 


137.  Given:  a  curve  joining  two  tangents,  to  find  the 
radius  of  a  curve  that,  from  the  same  Point  of  curve,  toiU  end 
in  a  parallel  tangent.    Fig.  23. 

Let  AB  be  the  given  curve,  AV,  VB  the  tangents,  and 
VB'  the  parallel  tangent;  and  let  A0  =  R  and  AO'  =  R'. 
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Since  the  central  angle  a  remains  unchanged,  the  angle 
i  A  between  the  tangent  and  long  chord  remains  unchanged ; 
therefore  V'A  B '  =  VAB,  and  the  new  point  of  tangent  is  on 
the  long  chord  AB  produced.  Find  on  the  ground  the  inter- 
'  section  of  V'B'  with  AB  produced 
and  measure  BB'.     In  the   diagram  , 

draw -Be  parallel  to  AO,  then  BeB'  = 
A,  and  by  eq.  (22) 


but 


BB'  =2Be  sin  ^  A 

Be=00'  =  E'  -R 
BB' 


B'  =  E-[: 


2  sin  i  A 


(56) 


O'      O 


Fig.  23. 


The  +  sign  is  used  when  B '  is  be- 
yond B,  as  in  the  figure;  but  if  the 

parallel  tangent  is  within  the  given  curve  it  will  cut  the 
chord  in  some  point  B  \  and  then  the  —  sign  must  be  used, 
since  i2 '  will  evidently  be  less  than  R. 

If  the  parallel  tangent  is  defined  by  a  perpendicular  offset. 
sisBp  =  B '/;  since  BeB'  =  a 


Bp  =  Be  vers  a  =  (R'  —  R)  vers  a 


R'  =  R-\' 


Bp 


vers  A 


(57) 


Add  or  subtract  as  explained  above. 
If  the  long  chord  G  =  AB  is  known,  then  the  new  long 
^chord  C  =  AB'  or  AB"  =  C  ±  BB',  and  by  eq.  (54) 


R'  =  R 


G  ±  BB' 
G 


(58) 


138*  Given:  a  em'w  joining  two  tangents,  to  change  the 
radiuSy  and  also  the  Point  of  curve,  so  that  the  new  curve 
may  end  in  a  parallel  tangent  directly  opposite 

the  given  Point  of  tangent.    Fig.  24. 

Let  AB  be  the  given  curve,  A  V,  VB  the  tangents,  V'B'  the 
parallel  tangent,  and  B '  the  given  tangent  point  on  the  radius 
OB  produced. 
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In  the  diagram,  produce  the  tangent  ^Fand  the  radius  OB 
to  intersect  at  K.    Then 

BK=  Rexsec  A 

B'K  =  R'  exsec  A 
Subtracting  we  have 

5J9'=(5-iJ')exsec  A 

BB' 


E-B'  = 


exsec  A 
from  which  B'  is  easily  determined,  as  in  §§  132  and  133. 


(59) 


■^t 


Fio.  34. 


Fio.  25. 


To  find  the  change  A  A'  of  the  RC,  in  the  diagram  draw 
0 '  G  parallel  to  A' A ;  then 


or 


0'G=OQlm  A 
AA'  -(B  —  E')tSLJi  A 


(60) 


By  substituting  the  value  of  {B  —  B')  from  eq.  (59)  and  ob 
serving  Table  II.  42  we  have 


AA'  =BB'  X  cotiA 


(61) 


Observe  that  eqs.  (59),  (60),  and  (61)  may  be  derived  directly 
from  eqs.  (50),  (52),  and  (51)  respectively  by  writing  A  for  ^  a. 

139.  Given:  a  curve  joining  two  tangents;  to  find  the  new 
tangrent  points  after  each  tangent  has  been  moved 
parallel  to  itself  any  distance  in  either  direction.     Fio-,  25. 


^ 
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Let  A  and  B  be  the  given  tangent  points,  and  A  and  B' 
the  new  tangent  points  required.  Let  the  known  perpendicu- 
lar distances  Aq  =  a,  and  Bp  =  b.  We  then  require  the 
unkDOwn  parallel  distances  qA'  =  x  and  pB'  ==  y. 

Since  the  form  and  dimensions  of  the  curve  remain  un- 
chaoged  we  may  conceive  the  curve  to  be  moved  bodily 
into  its  new  position  on  lines  parallel  and  equal  to  the 
line  VV  joining  the  vertices.  Then  AA  =  00'  =zBB'  = 
VV. 

In  the  diagram  draw  FJT parallel  and  equal  to  Bp  =  b  and 
V'H  parallel  and  equal  to  Aq  =  a.  Then  VI£=  qA  =  x,  and 
V  K=  B'p  =  y.    Since  FG^  7'  =  A,  we  have 


ftnd  since 


YQ  =  -J—  and  GH=      "* 


sin  A 


tan  A 


Vff=  VG-Off= 


X 


Similarly 


x  =  - 


y  = 


a 


sin  A 

tan  A 

b 

a 

tan  A 

sin  A  - 

(62) 


When  the  new  tangents  are  outside  of  the  given  cui-ve,  the 
offsets  a  and  b  are  considered  positive;  if  either  new  tangent 
were  inside  of  the  given  curve  its 
offset  would  be  considered  negative, 
f  In  solving  eqs.  (62)  if  x  and  y  are 
found  to  be  positive  they  are  to  be 
laid  off  forwards  from  q  and  p,  as 
in  Fig.  25;  if  either  is  found  to  be 
negative  it  is  to  be  laid  off  in  the 
opposite  direction. 

Example. — A  certain  curve  has  a    0{ 
central  angle  of  50"  =  A,  and  it  is 
proposed  to  move  the  first  tangent 
in  20  feet  and  the  second  tangent 
out  12  feet.     Required,  the  distances  on  the  tangents  from  the 
old  tangent  points  to  the  new.     Fig.  26. 


Fio.  36. 
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IIerea=  — 20and*  =  +  13 


+* 

12 

1.079181 

-a  20          1.301030 

A 

50" 
15.665 

log  sin  9.884254 

A   50"    log  tan  0.076186 

1.194927 

-   16.782        1.224844 

• 
•     • 

a?  =  15.665 -(- 16.782)  =  + 32.450 

+  ^ 

12 

1.079181 

-a  20          1.301030 

A 

SO*' 
10.069 

log  inn  0.076186 

A   50"    log  sin  9.884254 

1.002995 

-   26.108       1.416776 

y  =  10.069  -  (-  26.108)  =  +  36.177 


For  -j-  a  and  —  b 


For  +  a  and  +  ^ 


For  --  a  and 


a?  =  -  32.450 
y  =  -  36.177 


jaj=-    1.120 
iy=-  15.939 


x  =  +   1.120 
+  15.939 


If  we  have  a  and  x  given  to  find  b  and  y:  Solving  e'jt*.  (02) 
for  b  and  y  we  obtain 


&  =  a?  sin  A  -J  •  a  cos  A 
y  =  x  cos  A 


-f  •  a  cos  A  > 
—  a  sin  A  ) 


(63) 


In  which  the  algebraic  signs  of  the  quantities  must  be  ob 
served  as  above. 

140.  Gfiven:  a  curve  joining  two  tangents,  to  find  a  new 
Radius  and  new  position  of  the  Point  of  curve,  such 
that  the  curve  may  end  at  the  same  point  as  before,  but  with 
a  given  change  in  tlie  direction  of  the  forward  tangent. 
Fig.  27. 

Let  AB  be  the  given  curve,  AV,  VB  the  given  tangents, 
V'B  the  new  tangent,  and  VBV  the  given  change  in  diroc 
tion.     Let  A'  =  A  +  VBV, 
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In  the  diagrmn  drAw5(7  perpendicular  to  ^F  produced; 

llien 


BG  =  jB  vers  A 
=  R'  vers  a' 


Hence 


and 


B'  =  B 


vers  A 
vers  a' 


(64) 


AA  ^AG-  AG  =  JK  sin  A  -  iJ'  sin  A'       (65) 


In  the  figure  the  change  in  direction  of  tangent  makes  a' 
greater  than  A ;  therefore  V  falls  beyond  F,  and  A'  beyond 


FukST. 


FKk28. 


-4;  but  if  the  Change  made  A'  less  than  A,  then  F'  and  A' 

would  fall  behind  Fand  A  respectively,  and  R*  would  be 

greater  thaH  R. 
I      The  same  f  orinulsB  apply  to  the  converse  problem  In  which 
'  B  is  taken  as  the  point  of  curve,  and  A  and  A'  as  points  of 

tangent 

141.  Qioen  a  curte  joining  two  tangents,  to  find  ths  change 
in  the  Point  of  curve  wTien  the  forward  tangent  takes  a  new 
direction /rom  the  vertex  V.    Fig.  28. 

By  eq.  (21) 


F4  =  12  tan  i  A,    VA'  =  R  tan  ^a' 
AA'  =  R  (tan  i A  -  tan  iA') 


(66) 


142*  Given:  a  curve  joining  tfJbo  tangents,  to  find  the  TWtP 
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radius,  B^  token  the  forward  tangent  taket  a  new  direc- 
tion from  the  vertex,  V.    Fig.  29. 
By  eqs.  (21)  (25) 

F-4  =  iJtaniA,    B'  =VAcoHa' 


iJ'  =  JBtaniA  cotiA' 


(67) 


143*  Given:  a  curve  joining  two  tangents,  an4  a  given 
change  in  the  direction  of  the  forward  tangent  from  the 
vertex,  to  find  the  radius  and  point  of  curve  of  a  curve 
that  shall  poM  at  the  same  distance,  VH,  from  th^  vertex. 
Fig.  80. 

Let  AB  be  the  giTen  curve,  BVB'  the  given  change  in 


O    0 


Fig.  S9. 


Fia.  aa. 


direction  of  tangent,  and  TiT'  =  KET.     Let  a'  =  A  +BFjB'. 
then  eq.  (24) 


7F=JBexseciA  =  FIT' =  /2' ex  seciA' 


B'^B 


By  eq.  (28) 


exsec  iA 
exsec  iA' 


(68) 


VA  =  FFcot  i A,     VA'  =  VH'  cot  iA' 


AA'  =  VHicot  iA  -  cot  iA') 


(69) 


But  in  case  A'  =  A  —  JBFB',  A  A'  becomes  negative  and 
must  be  laid  off  backward  from  A, 
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.Ejwmpfc.— Given  a  2°  curve,  A  =  80°  and  5FB'  =  -  10" 
.-.  A'  =  TO** 

B  log  3.457114 

iA  40**  log  exsec  9.484879 

VH       874.97  2.941993 

iA'         35°  log  exsec  9.343949 

B'  r  27' nearly  3.598044 

iA  20°  cot  2.74748 

iA'         17°  30'  *    cot  3.17159 

-  0.42411 

AA  =  874.97  X  (-  .42411)  =  -  371.08 
and  must  be  laid  off  backward  from  A, 

144.  CHven:  two  indefinite  tangents,  a  paint  situated  be- 
tween them,  and  the  angle  a,  to  find  the  radius  R,  and  tan- 
gent distant  T  of  a  curve  joining  tJie  tangents  which  sliaU  pass 
Hirough  the  given  point.    Fig.  31. 

If  the  given  point  is  on  the  bisecting  line  FO,  as  H,  meas- 
ure yH=  E,  and  find  B  and  Tas  in  §§  97,  98. 
When  the  given  point,  as  P  is  not  on  the  bisecting  line  Y0\ 

if  a  line  GK  is  passed  through  P  per- 
pendicular to  FO,  it  will  be  parallel 
to  any  long  chord,  as  AB,  and  the 
angle  FG^^=iA.  The  curve  pass- 
ing through  P  will  intersect  GK  in 
some  other  point  P';  the  line  GK 
is  bisected  by  the  line  YO  at  /,  and 

If  the  given  point  P  is  located  by  a 
perpendicular  offset  from  the  tangent, 
*^***  ^'  2^PL\  in  the  triangle  PLG,  LG  = 

PL  cot  iA.    Lay  off  LG,  and  at  G  deflect  VGK=  iA,  and 

measure  GP  and  PK     Since  by  Geom.  (Tab.  I.  24)  GA*  = 
GP'  X  GP,  and  GP'  =  PK ; 


GA=  VGP  X  PK  (70) 
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Lay  off  GA;  9xA4  ia  t^e  Point  pf  cwrve,ilF?=  T,  *ncl 
Ii  =  AVcotiA. 

If  the  given  point  were  located  by  an  offset  from  BV,  find 
B  first,  ftud  nftake  VA  =  BV, 

If  tiia  given  point  ^  is  located  by  a  petrpendicular  offset 
IP  from  the  bisecting  line  VO;  produce  IP  to  intersect  the 
tangent  at  G  and  measure  PG,    Since  P'G=GP+  %PI 


GA=  VGP(GF+2PI) 
whence  we  have  the  point  of  curve  A,  a%  ^fqie. 


(71) 


145.  Given:  a  ewrve,  AP,  and  the  radial  ofiGset  PP' 

to  find  a  curve  which  shall  pass  through  the  point  P  ^  start 
ing  from  the  same  %Kdn{  ^  mrviSi  A»    Fi|fi  8?. 


Fionas. 


Let  h  =  PP\  an4  ii^  tl»e  diftgr^pi  draw  P'G'  parallel  to  the 
coimnpn  tangent  ^X,  ^nd  join  AB\    Then 

P'G'  =  (R±h)m  A 

Q'A  =B-(B  ±  6)  cos  A 


taniA'  = 


B 


G'A     

P'G'^  (B  ±  6)  sin  A 


cot  A 


ij '  = 


P'G'  ^(^±&)sin  A 
sin  a'  sin  a' 


m 


(73) 


When  the  offset  is  outward  use  B-\-b,  when  it  ia  inward 
use  B  —  k 

Example.— QiYdn:  a  3°  curve  of  16  stations  and  a  radial 
offset  of  205  feet  inward  from  the  P.  T.  to  find  the  radius  of 
the  curve  passing  through  the  extremity  of  the  offset, 
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sa 


Here  A  =3**  X  16  =  48     ftu<i&  =  806. 


A    48' 

P'Q' 
Br 

1.50742 
A    48°  cot  .90040 


log  8.281745 
log  tin  ».  871078 

3.102818 
log  3.381051 


0.178288 


iA'       tan  .60702  =  Sr  15i' 

2 


A' 
P'G' 


62°  31' 


iJ' (about  4°  or).    Ang. 


log  sin  9.047905 
log  3.102818 

3.154823 


If  the  same  offset  were  made  auUide  of  the  curve  we  should 
find  B'  log  3.438350,  or  about  a  2°  05'  curve. 

This  solution  is  inconveniently  long  for  ordinary  field  prac- 
tice. When  the  offset  is  small  compared  with  the  length  of 
curve,  we  may  use  the  following 

Approximate  Bale :  Divide  twice  the  offset  h  by  the 
length  of  curve,  look  for  the  quotient  ii^  the  tnble  of  uat. 
sines,  and  take  out  the  corresponding  angle,  which  multip^  by 
100,  and  divide  by  the  length  of  curve.  The  quotient  is  the 
eorreetion  for  the  given  degree  of  curve ;  to  be  subtracted  when 
the  offset  is  made  outward,  and  added  when  the  offset  is  made 
mwtrd. 

This  rule  is  expressed  by  the  formula 


TV       TV  ^  100    .     _i  26 
JJ  =  BT  -jr-  sm       -J- 

Taking  the  same  example,  we  have 

2b 

^  =  sin  14''  51' 


m 


and  correction  =  14**  61'  X 


100 
1600 


=  T  0*  66' 


Hence  D'  ^  8**  W  or  JJf  =  2"  04' 
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THB    VALVOID. 

146.  Given:  any  number  of  circular  curves  of  equal  length 
L,  all  starting  from  a  common  point  of  cu/rve  A,  in  a  common 
tangent  AX,  to  find  the  equation  of  the  curve  joining 
Uietr  extremities.    Fig.  33. 
Let  AP  be  any  one  of  the  given  curves, 
i2  =  its  radius  AO, 
2>  =  its  degree  of  curve, 
A  =  its  central  angle  AOP, 
C7  =  its  lonjr  chord  J.P. 


it 


tt 


« 


(( 


Pio.  33. 

By  substituting  the  value  of  R  from  eq.  (16)  in  eq.  (22)  vre 
have 

,8in  iA 


(7=100 


8in  \D 


(75) 


Substituting  in  this  the  value  of  D  from  eq.  (20)  and  letting 
(theta)  fi  =  ^A,  (rho)  P  =  :r?^  and  N=  r^.vfQ  have  for  the 
polar  equation  of  the  required  curve 


sin  0 


P  =  - 


sm 


N 


(7«) 


in  which  p  is  the  radius  vector  AP,  0  the  variable  angle 
XAP,  the  unit  of  measure  is  one  side  of  the  inscribed  polygon 
by  which  the  circular  curve  AP  is  measured,  and  N  the  num 
ber  of  these  sides  in  the  length  of  the  curve  AP,    By  the 
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conditions  of  the  problem  K  is  constant,  but  B  may  have  any 
value  whatever.  If  we  let  9  vary  from  O**  to  +  180*  and  from 
0'  to  —  180°  the  point  X  will  describe  tlie  curve  XP'PA 
shown  in  the  figure,  which  is  called  the  Valwid  from  its  re- 
semblance to  the  shell  of  a  bivalve.  All  circular  curves  tan- 
gent to  AX  at  A  and  having  a  length  L  =  AX  will  terminate 
in  the  valvoid,  and  the  line  PP'  joining  the  extremities  of 
any  two  of  them  is  a  chord  of  the  valvoid. 

147.  To  find  a  tangent  to  the  valvoid  at  any  point 
P.    Fig.  34     See  Appendix. 
Differentiating  eq.  (76) 


dp 


=  A>  (cote --^  cot -^) 


(77) 


which  is  essentially  negative,  since  /o  is  a  decreasing  function 
ofS. 

Let  (phi)  <p  =  APG,  the  angle  between  the  radius  vector 
and  the  normal  PG, 

tan  ^  =  ^  cot  -r^  —  cot  0  (78) 

The  line  PK  perpendicular  to  PO  is  tangent  to  the  valvoid 
at  P,  and  PF  perpendicular  to  PO  is  tangent  to  the  curve  AP, 

Then  JlPV  =  0  and  VPG  =  0  -  <p,  and  letting  %  =  OPK  = 
VPG, 

t  =  9  —  <?>  =  iA  —  9>  (79) 

Therefore,  to  obtain  the  direction  of  a  tangent  to  the  val- 
void at  any  point  P,  deflect  from 
the  radius  PO  an  angle  equal  to 
t  =  (iA  —  <p)y  on  the  side  of  PO 
farthest  from  the  point  ot  curve  A 

The  value  of  i  may  be  found  by 
eqs.  (78)  (79),  but  we  are  saved 
this  somewhat  tedious  calculation 
by  the  use  of  Table  X.  1,  which 

* 

contains  values  of  the  ratio  —  =  t*  ^'^-  ^ 

A 

for  various  values  of  A ,  and  length  of  curve  L.    Multiplying 

A  by  the  proper  tabulated  number  gives  the  value  of  %  =  OPR 

at  once;  or 

••  =  (iA -^)=i*A  •  (80) 
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148*  To  find  the  roAiVLB  of  curvature  of  the  vdlwi>^ 

a^  any  pmnt  P.    See  Appendix. 
Differentiating  eq.  (77)  tre  havt 


W 


=  />[-l-|- cote  cot  J.  +  -i^(2cot«^  +  l)J 


Tlie  general  formula  for  the  radius  of  curvature  of  pola/ 
curves  is 


r  = 


(»'+# 


-.'+«£-<.'''' 


d6«       '^  rfO'* 


Substituting  in  this  the  values  of  p,  ^,  and  ^,  and  putting 
i-^  cot  -j^  —  cot  01  =  a  we  have  after  reduction, 

2"  '^^ — i '  ^  ^ 

This  formula  being  too  complicated  for  convenient  use  in 
Vhe  field,  its  use  is  avoided  by  referring  to  Table  X.  2,  which 

contains  values  of  the  ratix)  y  =  ®  f or  various  values  of  A  and 

L.  Multiplying  the  given  value  of  L  by  the  propei*  tabular 
ratio,  gives  the  value  of  the  radius  of  curvature  of  the  valvoid 
for  a  shori  distance  either  way  from  the  given  point  P)  or, 

r^vL  (82) 

149.  To  find  the  lettgth  of  arc  of  the  valvoid  oorre- 
vponding  to  a  change  of  one  degree  in  the  value  of  the 
angle  A.     Pig.  35. 

From  any  chord  AP  suppose  a  deflection  of  J  degree  to  be 
made  each  way  to  Ap'  and  Ap' ;  then  the  angle  p'Ap'  =  I**  = 
the  change  in  6,  and  since  A  =  29,  this  makes  a  change  of  V 
in  the  value  of  -a.    We  then  require  to  know  the  length  of 
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the  arc  p'p",  and  we  may,  without  sensible  error,  consider  it 
to  be  described  by  the  radius  of  curvature  r  :=z  I\f  for  the 
point  P,  through  an  angle  p'op".    Now 


p'op'  =  Xop'  -  Xop'  = 


Byeq.(80) 


2 


A* 


-*■) 


K'+¥  ^<P'' 


<p'^-^(l-2u') 


and       (p'^-^iX^   2u'^ 


Fio  .86. 


and  since  tp'  is  so  nearly  equal  to  (p'  we  may  assume  u'  =r 

A'  —  A' 
u'  =  u  ;    hence  q}'  —  q}'  = (1  —  2u)  and  p'op"  = 

(A'- AOa--"). 
But  the  condition  of  the  problem  requires  a'  —  a'  =  1*, 

hence  p'op'  =  (1  —  u)". 

Therefore  the  length  of  arc  p'p'  for  a  change  of  1°  in  the 

value  of  A  is 

^  =  r  (1  —  «)  X  arc  1* 


or  (Tab.  XVn.)       l  =  r(l-u)  .0174533 
and  since  r  =  vL  (Tab.  X,  2), 

Z,  =  «(l-w)Z. 0174533 


(88) 


By  this  formula  Table  X.  3  has  been  prepared,  for  various 
values  of  a  and  L. 

150*  €fivm:  two  curves  of  the  same  Ungth  L  hut  of 
Afferent  radii,  starting  from  the  same  point  of  cnrpe  in  ^ 


90 


FIELD  ENGIKEEBIKG. 


common  tangent,  to  determine  the  direction  and  leng^th  of 
a  tine  joining:  their  extremities.    Fig.  36. 

Let  AX  be  the  common  tangent,  and  AP,  AP"  the  two 
curves,  to  determine  the  direction  and  length  of  PP". 

If  we  take  the  point  P  on  the 
arc    P'P"  determined  by  the 


angle   A 


_  A^+ A 
""        3 


and  draw 


a  tangent  PK  to  the  valvoid  at 
P,  we  may  assume  without  ma- 
terial error  that  the  chord  P'P' 
will  be  parallel  to  PK  for  any 
value  of  P'P'  not  exceeding 
^L,  a  limit  not  likely  to  be  ex 
ceeded  in  practice. 


K    O"    o   O' 

Fio.  86. 

Let  0  be  the  centre  of  the  curve  AP  fixing  the  point  P ; 
then  AOP  =  ^^-A* 


-,  and 


OPK=z  i  =  u 


A'+A' 
2 


PKO  =  K=  ^-t^:  -  i  =  ^^4-^il  -  «) 
Since  PP"  is  assumed  parallel  to  PK, 

pro'  -KQOr  z:z  A'-JTzr  A'-  ^^-^-^  (1  -  ««) 


P'P'iy  =^i'  ^ 


A''(l  +  ^'^)-  A'(l>-tfO 
2 


(84) 


Similarly  producing  PP  to  any  point  H, 


HPa^€^  A'(l+^')-A'(l-tg') 


whence  also 


r  =  %'  +  A'  -  A" 


(85) 


(85)' 


The  slight  error  involved  in  the  above  assumption  is  cor- 
rected by  taking  out  the  value  of  u  (Table  X.  1)  correspond- 
ing to  a",  the  le»8  of  the  two  given  central  angles;  we  h&ve 
therefore  written  u  with  the  double  accent  in  equations  (84) 
and  (85). 
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When  t"  and  t'  are  positive,  they  will  be  deflected  as  in 
Fig.  36,  on  the  side  of  the  rti/dAu^fartJiestfram  A  ;  should  %'  be 
negative  it  will  of  course  be  deflected  fi-om  P'O*  Unoard  A. 

The  arc  P'P'  corresponds  to  a  change  of  the  central  angle 
Erom  a'  to  a'  ;  hence 

r  :  A'- A'  ::  ^  :  P'P' 
»r 

P'P"  =  (A'~  A')?,  (86) 

m  which  ^  is  taken  from  Table  X.  3  for   L  =  AP,  ana 

A'+  A* 

As  in  practice,  the  distance  P'P"  is  usually  small  compared 
with  L,  the  arc  and  chord  will  be  almost  identical  and  no 
further  calculation  is  necessary.  Ji  P'P'  is  large,  it  will  be 
found  that  equation  (86)  gives  the  '  ength  of  arc  very  correctly 

when  — 5 does  not  exceed  20*,  and  the  length  of  chord 

a'-4-  a' 
when  — ^ —  exceeds  60° ;  for  intermediate  mean  angles  it 

gives  a  value  to  P'P"  between  that  of  the  arc  and  chord. 
The  arc  P'P"  may  be  considered  to  be  described  by  the  radius 

/  '  -4-   A  ' 

r  =  vLy  V  being  taken  fcr  •'^— J- —  (Table  X.  2),  and  its  total 

curvature  is  founcp  by  multiplying  its  length  by  tho  degree  of 
curve  corresponding  to  r  (Table  TV). 

Example,  Given,  a  2°  30'  curve,  and  a  1°  curve  of  12  stations 
each  from  the  same -PC,  to  determine  the  distance  between 
their  extremities. 

A'  =  2i*  X  12  =  30%        A'  =  12%        ^'+^'  =  21*, 

A'-  A"  =  18%  u'  =  .33446 

Eq.  (84).   i'  =  2%9737  =    2''58'26'' 

Eq.  (85)'.  i'  =  »"  +  A'  -  A"  =  20°.9737  =  20°58'26'' 
Eq.  (86).   Arc  P'P"  =  18*  X  10.425  =  187.65  ft.    Am. 

Eq.  (82).   r  =  1200  X  .7479  =  897.48  ft.  =  (say)  a  6*23'  curve. 
Total  curvature,  P'P'  =  6*.383  X  1.8765  =  11*.9777. 
(The  distance  P'P"  may  be  found  by  solving  the  triangle 

formed  by  itself  and  the  long  chords  of  the  curves  AP'^ 

AP".) 
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15l»  Oftm:  a eufte  AP,  P^flndddUfve  starting J^om ihi 
mme  piHfU  A,  thAt  ^haU  thift  ths  Btaiion  P  an$  doHred  dU- 
tance  PP'  «*  ^  tight  or  left.    Fig.  86. 

B^fottd  w&  Cim  d^etermitMS  what  distanco  PP*  is  d^red»  we 
must  know  (approximately)  its  direction.  We  hate  given, 
therefore,  D,  L,  and  A  to  find  the  angle  OPP',  and  (after 
measuring  PP)  to  find  a'  and  D'. 

The  solution  is  necessarily  somewhat  approximate,  yet 
dose  enough  for  all  practical  purposes.  For  if  the  required 
value  of  D'  were  obtained  precisely,  it  would  probably  involve 
some  seconds,  and  would  therefore  be  discarded  in  favor  of 
some  value  in  even  minutes. 

When  P'  is  inside  the  given  curve  : 

Eq.  (80).  i  =  OPK  =  «  a.    Table  X.  1. 

Eq.  (88).  rt=^Po      ^  vL.      Table  X.  d. 

Let  S  (delta)  =  degree  of  curve  corresponding  to  r,  by 
Table  IV. 

OPP'  =  »  -  ^-  •  i<^  iiearly. 

Eq.  (86).  A'  =  A  +  ~.    Table  X.  8. 

Instead  of  taking  l^  from  Table  X.  d  for  the  exact  value 

A    '       1  A 

5f  A  it  Is  wdl  to  Veke  it  for  the  eMimeded  value  of  — ^- — ^ 
Eq  (30).  ly  =  i^  A' 

When  P'  is  outside  of  the  given  curve : 

%  =  t«A,        r  =  vLf 

180°  -  OPF  =  t*  +  ^    1^  nearly. 

A=A^-^,     zy^  — A 

Exa/rrvple,  Qiven,  a  4°  curve  of  800  feet,  or  a  =  82"*  to  find 


^l^PhlA  OtTttVBd. 


in 


a  curve  from  the  same  P.  G,  wbfoh  shall  shift  thd  tadt  istation, 
in,  about  55  feet.    (Fig.  36.) 

t  =  32"  X  .3355  =  10\73« 

r  =  800  X  .7450  =  596,        .».   5  =  9°  86' =  9^.6 

55 
ORP'  fc  10^736  --  ^  X  4%8  ±=  S**  06' 

^'  =  ^^^  +  6^7  =  ^^ 

40° 
jy  =  ^  =  5°.    Am. 

For  a  5*  curve,  the  true  distance  PP  '  =  55.63 


which  proves  this  method  practically  correct 

152.  tfiten :  a  tangent  and  curve,  and  a  straight  lilic^ 
InterSBCting  them,  making  a  given  angle  with  the  tangent  at 
a  gmn  point,  to  determine  the  distance  on  the  line 
from  the  tangent  to  the  curve.    Fig.  ^7. 


FtQ.  87. 

We  have  OA,  AG,  and  the  angle  AGP  to  find  GR 

B 


t&iiA&0  = 


AG 


PGO  =  AGO  -  AGP 


Bin  OPI  =  -^  sm  PGO  =  ——rj^T^ 

p^^^^mm-_W, 

MnPG^O 
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Wheu  AGP  =  AGO,  eq.  (24), 

(3^P  =  iJ  exsec  (90"  -  ^(7(^ 
When  AGP^  90%  §§(92),  (119), 

<?P=  R  vers  POA,        sin  POii  =  ^ 
When  ^(?P'  >  AGO,  we  have 
P'(?0  =  AGP'  -  ^(70 
but  the  other  formulae  remain  unchanged. 

.Euawipfo.— Let  R  =  955.37,  ^6^  =  350,  ^GP  =  40* 


R       955.37 
.1(7    350. 

AGO 
AGP 

69°  52'  47' 
40° 

log  2.980170 
log  2.544068 

log  tan  0.436102 

PGO 

AGO  69°  52'  47' 

29°  52'  47' 
32°  02'  36* 

log  sm  9.697387 
log  sin  9.972653 

OPI 

log  sin  9.724734 

POG 

2°  09'  49* 

log  sin  8.576953 

R 

PG            72.40    Am. 

8.879566 
log  2.980170 

log  1.859736 

Tills  problem  may  be  used  in  passing  from  a  tangent  to  a 
curve  when  the  tangent  point  is  obstructed.  The  distance 
AP  on  the  curve  is  defined  by  the  angle  AOP,  which  is  readily 
found. 

If  AGP'  >  2AG0  the  line  viU  not  cut  the  curve. 

153.  Given:  a  curve  and  a  distaot  point  to  find  a 
tangent  that  ihaH  pass  through  the  point*    Fig.  38. 

We  have  the  curve  €ulg  and  the  point  P  visible,  but  distance 
unknown,  to  find  the  point  of  tangent  B. 
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Any  chord,  as  6/,  parallel  to  the  required  tangent,  if  pro- 
duced will  pass  the  point  P  at  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  that  chord.  Ranging  across  every 
two  consecutive  stakes  on  the  curve  we  at  first  find  the 
range  falling  outside  of  the  required  tangent,  as  hcG,  edff, 
etc. ;  but  finally  the  range  falls  inside,  as  deK,  We  then  know 
that  the  required  point  is  between  e  and  e. 
If  the  range  ce  falls  inside  the  point  P,  a 
perpendicular  distance  equal  to  the  middle 
ordinate  of  ee,  the  tangent  point  is  at  d. 
If  the  perpendicular  distance  is  greater 
than  this,  the  point  B  is  between  c  and  d. 
If  less,  or  if  the  range  ee  falls  outside  of 
P,  the  point  B  is  between  d  and  e.  The 
middle  ordinBte  for  ee  (200  feet)  equals  the 
tangent  offset  for  100  feet,  given  in  Tab. 
lY.,  and  it  is  generally  so  small  that  it  can 
be  estimated  at  P  without  going  to  lay 
it  off. 

To  find  the  exact  point  B,  when  it  falls 
between  d  and  e,  find  by  trial  a  point  x 
on  the  arc  cd  in  range  with  e  and  a  point 
inside  of  P  a  perpendicular  distance  equal 
to  the  middle  ordinate  of  ex.  The  point  B 
is  at  the  middle  point  of  the  arc  ex.  If 
the  point  B  is  between  c  and  d,  stand  at  c 
and  find  a  point  x  on  the  arc  de  in  the  same ' 
way.    B  is  at  one  half  the  arc  ex. 

The  middle  ordinate  of  any  chord  ex  is 
less  than  M  for  200  feet,  and  greater  than  m  for  100  feet, 
necessary,  its  exact  value  m'  can  be  found  by 


Fio.  38. 


If 


fn  = 


m  X  ex* 

loooo" 


(87) 


and  this  equation  is  nearly  true  when  ds  is  as  great  at  300  or 
400  feet  That  is,  middle  ordinates  on  the  same  curve  are  to 
each  other  as  the  squares  of  their  chords  very  nearly. 

By  this  method  the  point  B  is  found  without  the  use  of  the 
transit,  so  that  the  plug  can  be  driven  at  B  before  the  transit 
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Is  faroDglit  up  from  the  rear.    II  i«  tbevefore  preferable  U>  the 
f oUowing  solution.    Fig.  39. 

Flora  any  two  points  a  and  e  of  the  curve  measare  the 
angles  to  the  point  P,  so  that  with  the  €^kurd  ae  mb.  base, 
and  the  measured  angles,  we  may  find  ePhy  Cie  formula 


tP  —  mc 


An  cap 


Knowing  the  angle  c  that  eP  makes  with  a  taofoit  at  «,  i¥e 
find  the  length  of  the  chord  «l  by  aI  =  2i2  via  «. 
By  Geom.  Tab.  L  84^ 


PB=Pe=  VcPxdP 

whence  we  know  e$.    Opposite  «»  or  on  the  arc  eB  deaoribed 
with  the  radius  i%,  we  find  B. 


FI0.39L 


Fia.4a 


154*  CHven:  two  carves  exterior  to  ea/^h  other,  to 
find  the  tangent  poinU  of  a  Une  tWBtgent  to  both  and  Us 
leiogth  hehteen  tangent  points.    Fig.  40. 

Let  B  and  A  be  the  required  tangent  points.  Let  OB  =  J?, 
and0'-4  =  5'. 

On  the  curve  of  greater  radius  R  select  a  point  H  supposed 
to  be  near  the  unknown  tangent  point  B,  and  knowing  the 
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direction  of  the  ladiuB  OH,  find  on  the  other  curve  a  point  K 
having  a  radius  0  'K  parallel  to  OHy  and  measure  HK.  In 
the  diagram  draw  Oh  and  Oa  perpendicular  to  UK.  Then 
the  angle  KO'a  =  90°  -  HKO  =  KO'A  nearly,  which  is  the 
angle  required.  We  have  therefore  to  find  the  correction 
aO'A  =  X,  and  i^pply  it  to  KO'a, 

Aa=:=B'  vers  KO'a;       Bb  =  B  vers  KO 'a  nearly, 
Ka  =  B'  sin  KO'a;        Hb  =  B  sin  KO'a 

Eb  -Aa-  {B-B')  vers  KO'a 

ah  ^HK+iB-B')  Bin  KO'a 

(B^B')yer^KO'a  ,         ^^. 

^  ^  =  JIK+(B  -  B)  sin  ITQ'a  '^^^^^y*      ^^^^ 

JTO'^  =  (iTO'a  -  ir)  =  ^05 

Observe  that  KO  'a  =  the  angle  between  the  tangent  at  K  or 

'  H  and  the  line  SK ;  and  KO  'A  =  the  angle  between  the 

kingent  at  JTor  ^and  the  required  tangent  BA. 

If,  instead  of  S  and  K,  the  points  H'  and  K'  had  been 

flelected,  then 
I  .  (B^B')ver8H'0b  ,      ,._ 

^^'^ ^  =  HW^iB^rET^rirob ^^^^^^^  ^^^^ 

iand 

J2"05  =  K'O'A  =  ^'06  +  «. 

i 

The  length  of  BA  should  be  obtained  by  measurement,  but 
it  may  be  calculated  by 

AB  =  ah  -  (B-  B')  sina;  (89) 

When  B=:  B',x  =  0,  and  iOT  is  parallel  to  BA. 

In  case  the  curves  are  reverse  to  each  other,  as  in 

(l?  +  JJ')vers^O'a  .  ,^.. 

'''' *  =  HK+iB  +  B')  sin  KO^  ^^^^^^^       ^^^^ 

KO'A  =  HOB  =  KO'a  -  x 

If  the  points  S'  and  K'  are  selected.  Fig.  41, 

,  (B+B')yersff'Ob  .       „., 

^^^  =  HK'  ^{B  +  B')  sin  M'Ob  '''^'^^'    ^^^ 

HOB  =;=  K'O'A  =  J?' 06  +  «• 
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The  lines  HK,  AB,  and  00*  all  intersect  in  a  oommon 
point  J,  Fig.  41. 


^^    M  +  B' 

a=  Vm(m+2RBmH0b) 

AB  =  IB^^ 


(92) 

(93) 
(94) 


These  last  three  equations  furnish  another  method  of 
solving  the  same  problem.  They  may  be  applied  to  Fig.  40 
by  changing  the  sign  of  i?'. 

In  Fig.  41,  if  B  =  B',  then  SI  ==  iSK  and  AB  =  2IB. 


H  K 


Yia.41, 


Fia.4S. 


155.  Oiwn:  two  curves,  O  and  O',  reverse   to 

each  other,  joined  by  a  tangent  BA',  and  terminating  in 
another  tangent,  !B'F  ;  to  chang^e  the  position  of  the 
Point  of  Tangent  "B  of  the  first  ewrve,  9o  that  the  second 
curve  may  terminate  in  a  given  parallel  tangent,  !B'F'* 

Fig.  42. 
Let  X  be  the  required  new  position  of  B. 
"  0'  be  the  corresponding  position  of  0', 
"   A'  =  AO'B'  and  a'  =  A'O'B'. 
Since  the  radii  and  the  connecting  tangent  are  unchanged 
in  length,  and  all  rotate  together  about  0  as  a  centre,  O '  will 
be  on  a  circle  passing  through  0\  described  with  a  radius 
00',  and  the  required  angle  BOX=:  0'00\ 
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In  the  diagram,  produce  O'A  and  draw  the  perpendicular 
€r,  and  let  a  =  the  angle  00' G.  Also,  draw  OK  parallel 
ad  O'JS:  and  O'fi^  perpendicular  to  BO'.  In  the  triangle 
O'G  "wehave 

cot  00'G  =  ^,     or     cota=^+^-         {95) 
Qd 

00'  =  ^+^'  (96) 

cos  a 

The  angle  KOO*  =  00'J5'  =  a  +  A'. 
The  angle  KOO'  =  OO'jB*  =  «  +  A'. 

jK:0  =  00'.  cos  (a  +  A"),      HO  =  00' ,  cos  (a  +  a'X 
-.     HK  =  00'  [cos(a  +  a")-  cos(a  +  a')]  =  B'F' 

B'  F^ 

cos  (a  +  A")  =  cos  (a  +  A')  +  -^  (97) 

BOX  =  O'OO*  =  (a  +  A')  -  («  +  A")  (9?) 

If  we  conceive  a  line  to  be  drawn  through  0  bisecting  tlie 
irc  O'Ct  the  angle  it  makes  with  B'O"  is  a  mean  bet^ten 
?'0'0  and  B'O'O;  hence  the  chord  O'O",  perpendicular  to 
bis  line,  makes- an  angle  with  O'P  perpendicular  to  ^'0'  of 

POO'  =  H(«  +  A')  +  (a  +  A')  ] 
tnd  since 

OP  rrPO"  cot  POO" 

F'B'  =  B'F'  cot  i  [(a  +  A')  +  (a+  a')]      (99) 

Mrhich  gives  the  distance,  measured  on  the  parallel  tangent, 
between  the  old  tangent  point  and  the  new. 

This  problem  occurs  in  practice  when  both  the  connecting 
tangent  and  the  radius  of  the  last  curve  are  at  their  minimum 
Hmity  and  the  parallel  tangent  is  inside  of  the  old  one,  as  in 
;he  figure.  Should  the  new  tangent  be  outside,  the  same  for- 
inulsB  apply,  only  changing  the  sign  of  B'F'  in  eq.  (97).  But 
in  this  last  case  it  is  usually  preferable  to  employ  problem 
U36oT§137. 

Example.'-A  V  40'  curve  is  followed  by  a  tangent  of  300  ft, 
md  that  by  a  4*"  curve  of  10  stations  ending  in  a  tangent ; 
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And  ihe  offset  to  tho  given  f^amltel  tangent  is  80  ft.  on  the 

innide.    ttequired,  the  position  of  the  neW  tangdnt  points  l| 

tod  ^'.  J 

Here  R  =  3437.87,  R'  =  1432.69,  BA'  =  200,  fi'iJ^'  =  80.  ' 

Eq.  ^5)  /?  +  jB  '  48TO.  5«  log  3. 6875:» 

BA'  200.  log  2.301030^ 

log  cot  1.38654» 
log  cos  9.999635 

«.  987944, 

1.9OBO90I 


.-.  a 

2° 

21' 

Eq.  (96)  a 

2** 

21' 

00' 

Eq.  (97)  B'F' 

80 

.01641 

a+ A' 

'42* 

'40" 

21' 
56' 

cos 

COS 

.73904 

«  + A' 

.75546 

atl5146 


Bq.  (98)  BOX        1°  25^     . •.  ^X=  85  ft.  An». 

Eq.  (99)  POO'  41"  38'  30"  cot  1.12468  X  80  =  89.97  =  £"B' 

150*  yfix&a  t&e  tangents  of  a  pressed  road  are  to  bd  in 
general  much  longer  than  t£d  curves,  it  is  desirable  lo  eiitalh 
h^h  the  tangeYitB  fit^i^t  id  making  tbB  location^  and  afterwards 
determine  suitable  curves.  Oil  the  other  hand,  if  the  curves 
necessarily  predominate,  they  should  be  first  selected  and 
adjusted  to  the  ground  with  reiferencc  to  gfade  and  easy 
alignment,  and  afterwards  joined  by  tangents.  In  tlie  kitter 
case  the  field  work  cannot  be  successfully  accomplished 
unless  the  location  has  been  previously  worked  out  upon  a 
correct  nlap  constructed  from  the  preliminary  surveys.  The 
map  f^duM  show  contoui^  of  the  surface,  and  also  the  ^rade 
fcontour,  or  intersection  of  the  surface  and  plane  of  the  grade. 
In  side-hill  wdrk  the  grade  contour  indiccUes  approximately 
the  degree  atid  position  of  the  nece^ary  curves.  In  the  work 
of  selecting  proper  curved  upon  the  map,  templets  or 
pattern  curves  are  almdst  indispensable.  The  templets  are 
cut  to  fetm  a  series  of  curves,  the  radii  being  taken  from 
Table  IV.  to  a  scale  corresponding  to  the  scale  of  l^e  map, 
which  ranges  from  400  to  100  feet  per  inch,  accOKiing  to  the 
difficulty  of  the  location.  The  templets  should  repreaent 
eonveimnt  eutves,  or  those  in  which  ^  number  of  minutes 
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per  station  bear  a  simple  ratio  to  100.  Curves  of  50'  and 
multiples  of  50'  are  most  convenient;  40'  curves  and  multi- 
ples standing  next  in  ofder,  and  80'  curves  and  multiples 
next. 

TABLE  OP  CONTKNDBNT  CURVES. 


I>» 

ttatio  of  I^n. 

D. 

Itatio  of  Min. 

D. 

lEaiioofMin, 

to  Feet. 

to  Feet. 

U>  Feet. 

50' 

?;! 

4ff 

2t5 

ao' 

8:10 

!•  4fy 

1»  20' 

4:5 

10  oc 

8:5 

B»  »y 

8:8 

a«»  00' 

6t5 

1*  80' 

0:10 

«•  a©' 

2:1 

2«  40' 

8:5 

2°  00' 

6:5 

4»  1& 

S:8 

3«»  iKr 

2:1 

20  80' 

3!d 

6«  00' 

Sil 

4<»  00' 

12:6 

8°  W 

21:16 

50  50' 

7:2 

4°  40' 

14:5 

3°  30' 

^  4» 

4:1 

&«*  20' 

16:5 

4<»  OO' 

12  1  5 

?«»  30' 

9:2 

6°  00' 

18:5 

4«»  30' 

27:10 

S"  ^ 

5:1 

%o  40' 

4:1 

S*  OO' 

8:1 

9»  IC 

1U8 

T*  80' 

22:5 

5«  80' 

%:10 

10«  OO' 

6:1 

80  00' 

24:5 

6®  00' 

18:5 

After  drawing  the  curves  and  tangents  upon  the  map,  the 
tangent  points  and  central  angles  are  carefully  determined, 
the  latter  being  compai'ed  with  the  lengths  of  the  curves  ob- 
tained by  a  pair  of  stepping  dividers  set  precisely  by  scale  to 
the  length  of  one  station.  Field  notes  are  then  prepared  from 
the  map,  and  if  the  work  has  been  well  done  these  notes  may 
be  followed  in  the  field  with  scarcely  any  alterations. 

No  ordinary  protractor  will  measure  the  angles  closely 
enough  for  this  purpose  ;  it  is  better  to  use  a  radius  as  large 
as  convi-nient,  of  50  parts.  The  chord  of  any  arc  drawn  with 
this  radius  equals  100  times  the  l^ne  of  one  half  the  angle 
subtended. 

The  importance  of  having  absolutely  straight-edged  rulers 
in  such  work  is  obvious.  In  cafie  a  vefy  long  line  is  to  be 
projected  upon  the  map,  it  is  well  to  use  a  piece  of  fine 
sewing  silk  for  the  purpose.     See  §§  53,  54 
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CHAPTER  VI. 
Compound  Cubves. 

A.  Theory. 

157*  A  compound  curve  consists  of  two  or  more  consecu- 
tive circular  arcs  of  different  radii,  having  their  centres  on 
the  same  side  of  the  curve  ;  hut  any  two  consecutive  arcs 
must  have  a  common  tangent  at  their  meeting  point,  or  their 
radii  at  this  point  must  coincide  in  direction.  The  meeting 
point  is  called  the  point  of  compound  curve,  or  P.C.G. 
Compound  curves  are  employed  to  bring  the  line  of  the  road 
upon  more  favorable  ground  than  could  be  done  by  the  use 
of  any  simple  curve. 

When  a  compound  curve  of  two  arcs  connects  two  tangent 
lines,  the  tangent  points  are  at  unequal  distances  from  the 
intersection  or  vertex,  the  shorter  distance  being  on  the  line 
which  is  tangent  to  the  arc  of  shorter  radius. 

158.  Let  VA,  VB  (Fig.  43)  be  any  two  right  lines  inter- 
secting at  F,  and  let  A  be  the  deflection  angle  between  them. 
Let  A  and  B  be  the  tangent  points  of  a  compound  curve  ( VA 
less  than  VB),  and  let  AP,  PB  be  the  two  arcs  of  the  curve. 
The  centre  Oi  of  the  arc  AP  will  be  found  on  A8,  drawn  per- 
pendicular to  VA  ;  the  centre  Oa  of  the  arc  PB  will  be  found 
on  B8  produced  perpendicular  to  VB ;  and  the  angle  ASB 
will  evidently  equal  A.  Join  VS,  and  on  Fas'  as  a  diameter 
describe  a  circle;  it  will  pass  through  the  points  A  and  B, 
since  the  angles  VA8y  VB8  are  right  angles  in  a  semicircle. 
Draw  the  chord  VQ,  bisecting  the  angle  AVB,  and  join  AQ, 
BQ.  Then  AQ,  BQ  are  equal,  since  they  are  chords  subtend- 
ing the  equal  angles  AVQ,  BVQ.  From  Q  as  a  centre,  and 
with  radius  QA,  describe  a  circle  ;  it  will  cut  the  tangent 
lines  at  A  and  B,  and  also  at  two  other  points  G  and  F,  such 
that  VG  =  VA,  and  VT=  VB.  Hence  BG=AZ  and  the 
parallel  chords  AG,  BY  are  perpendicular  to  VQ.  Join  AB; 
then  AQB  =  A8B  =  A,  since  both  angles  are  subtended  by 
the  same  chord  AB. 

In  the  triangle  VAB,  the  sum  of  the  angles  at  A  and  B  is 
equal  to  the  exterior  angle  A  between  the  tangents  ;  while 
their  difference  (-4  —  -B)  is  equal  to  the  angle  at  the  centre  Q 
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subtended  by  the  chord  BG^  which  is  the  difference  of  the 
sides  (VB  -  VA\  For  the  angle  VAB  =  VAG  +  GAB,  and 
the  angle  VBA  =  VBY  -  ABT.  But  VAG  =  VBT  and 
GAB  =  ABY,  and  by  subtraction  VAB  -  VBA  =  2GAB  = 
GQB,  since  A  is  on  the  circumference  and  Q  at  the  centre. 

159.  Theorem. — The  circle  YAGB,  tohose  centre  u  Q,  i$ 
(he  locus  of  the  point  of  compound  curw  P,  whatever  be  the 
rdaUve  lengths  of  the  a/rcs  AF,  PB  composing  the  curve. 


On  the  circle  YAGB,  and  between  A  and  G,  take  any  point 
P,  and  on  ^5  find  a  centre  Oi,  from  which  a  circular  arc  may 
be  drawn  cutting  the  circle  at  A  and  P ;  also  on  B8  produced 
find  a  centre  O3,  from  which  a  circular  arc  may  be  drawn 
cutting  the  circle  at  B  and  P.  Join  PQ,  POi  and  POa. 
Smee  when  two  circles  intersect,  the  angles  are  equal  be- 
tween radii  drawn  to  the  points  of  intersection,  QPOi=  QAOx 
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aud  QPO9  =  QBOi,  Praw  the  chord  QS  and  it  subtends  the 
equal  angles  QAOi  =  QBOi.  Hence  QPOi  =  QFO^  and  the 
radius  Pd  coincides  in  direction  with  the  radius  POt,  which 
is  the  condition  essential  to  a  compound  curve. 

Now,  if  we  imagine  another  point  P'  to  be  taken  on  QP  or 
on  QP  produced,  and  the  arcs  AP'  BP\  drawn  from  centres 
found  on  AS  and  B8,  it  is  evident  that  the  equality  of  angles 
found  in  respect  to  P  could  not  exist  in  respect  to  F.  Hence 
the  arcs  would  intersect  in  P '  at  some  angle  OxPO^  and  would 
not  form  a  compound  curve.     Therefore,  Q.  E.  D. 

160.  Theobem. — In  any  compound  curve  the  radial  lines 
parsing  through  the  three  tangerU  points  A,  P,  and  B  are  aU 
tangent  to  a  circle  h^mng  the  point  Q  for  its  centre,  and  for  its 
diameter  the  difference  of  the  sides  YB  and  VA. 

Draw  the  three  lines  QN",  QL,  QM  perpendicular  to  the 
radial  lines  POa,  POa,  and  A8  respectively.  Then  the  three 
right-angled  triangles  BQN,  PQL^  and  AQM  are  equal,  since 
BQ  =  PQ  ±=  AQ  =  radius  of  the  circle  AGB,  and  the  angles 
at  P,  P,  and  A  are  equal  by  the  last  theorem.  Hence  QM= 
QL  =  QNf  and  if  a  circle  be  described  with  this  radius  about 
Q,  the  three  lines  PO3,  PO^y  and  AOi  produced  will  be  tan- 
gent to  it.  Draw  QJ  perpendicular  to  VB;  it  will  bisect  the 
chord  QB  in  /;  and  QW  =  BI  =  ^BG,  Hence  the  diameter 
2QN—  BG=  VB-VA;  which  was  to  be  proved. 

Corollary  1.  The  compound  curve  intersect^  the  circle  AGB 
in  the  point  P,  at  an  angle  equal  to  half  the  difference  of  the 
angles  VAB,  VBA,  For  QPL=  QBN=  BQI=^BQG.  The 
arc  AP  is  exterior,  and  the  arc  PB  interior  to  the  circle 
AGB. 

Cor.  2.  Since  both  centres  are  on  the  line  PL,  the  position 
«)f  the  point  P  fixes  the  lengths  of  the  radii  of  a  compound 
curve.  As  P  is  moved  toward  G  both  radii  are  increased, 
until  when  P  reaches  G,  Ad  becomes  AK,  a  nmximum,  while 
POa  becomes  infinite.  As  P  moves  toward  A  both  radii  are 
diminished,  but  the  least  value  of  the  arc  AP  depends  upon 
the  least  radius  allowed  on  the  road.  If  in  the  diagram  we 
make  A0\  equal  to  the  least  radius  allowed,  a  right  line  drawn 
through  the  point  Ox  tangent  to  the  circle  LMN  fixes  the 
corresponding  minimum  value  of  the  arc  AP,  and  also  of 
the  radius  POa  for  given  values  of  YA,  VB,  and  a.      Be- 
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twcen  these  limits  any  desired  values  of  the  radii  may  be  em 
ployed. 

OoT.  3.  In  the  triangle  SOi  Oa,  the  sum  of  the  two  central 
angles  uiOiPahd  POtB  is  equal  to  the  exterior  angle  ASB  = 
A ;  consequently,  as  the  central  angle  of  one  arc  is  increased 
by  any  change  in  the  position  of  the  point  P,  the  central 
angle  of  the  other  will  be  diminished  an  equal  amount. 

Cor.  4.  Only  one  value  of  the  angle  AOiP  is  consistent  with 
a  given  value  of  the  radius  AOi,  since  both  depend  on  the 
variable  position  of  the  line  PL;  and  for  the  same  reason  only 
one  value  of  the  angle  BO%P  is  consistent  with  a  given  Vi'ilue 
of  the  radius  BO^.  Hence  only  one  radius  or  one  central 
angle  can  be  assumed  at  pleasure,  the  remaining  parts  being 
deducible  therefrom  in  terms  of  the  sides  VA,  VB,  and  the 
angle  A. 

B.  General  Equations, 

161.  Let  8i  =  the  side  VA,    8^  =  the  side  VB 
Let  i?i  =  the  tadius  AOi  A  =  the  radius  BO^ 

''    y  =  dm.  VAB  -  J/BA,         A  =  the  sum  VAB+  VBA 
"  A 1  =  central  angle  AOiP,     Aa  =  central  angle  BO^P. 

In  the  triangle  BQl  cot  BQI  =  ^.    But  IQ  =:  VI  X 
coiIQV=  i(8i  +  6i)coiiA,  and 5/=  «^a  -  Si). 

cotir  =  ^-^cotiA  (100) 

Oa  —  oi 

By  Cor.  3,  Ai  +  Aa  =  A  (101) 

In  the  triangle  AQM,  J.0,  =  AM-  MOx.  But  AM  = 
ify  cot  \r,  and  HOx  -  UltQ  cot  iAi. 

Bi  =  KiS'a  -  8i)  (cot  ir  -  cot  i  Ai)  ) 

Similarly,      B^  ^  K^a  -  .^i)  (cot  ir  +  cot  i  a  s) ) 
Subtracting, 

iJs  -  -Bi  =  i(^  -  8i)  (cot  iAa  +  cot  i A,)       (108) 
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cot  jAi  =coti;^  — 


jBi 


From  (102), 


cot  jAa  =  Y 


B, 


H^  -  Si) 


—  cot  J;^ 


(104) 


In  the  triangle  ABO, 


BG=: 


AB  wnBAG 
smAGV 


or 


(LOS) 


by  which  we  find  ^S^  —  8i),  when,  instead  of  the  sides  and 
A,  we  have  given  AB,  and  the  angles  VAB  and  VBA. 


From  (108),    i(^-^i)  = 


i?a  -  B\ 


COt^Aa  +  COt  jAi 


(106) 


-B. 


From  (102), 


<^oUr  =  ^^^-^  +  cotjA. 


JR. 


<^0tir=:j(^3^)-'C0tiAaJ 


(107) 


From(100X     yj^  + 80  =  ^^^^^=^^^^^  (108) 

<9a  and  8i  are  found  by  adding  and  subtracting  the  values 
found  by  eqs.  (106),  (108). 


From  (105), 


*  sin  ix 


(109) 


which  may  be  used  instead  of  (108)  when  the  sides  are  not  re- 
quired.    VAB  =  K  A  +  r )  and  VBA  =  4(  a  -  r). 

162.  Given :  t?ie  sides  VA  =  8i  and  VB  =  8^  and  the 
angle  A;  assuming  the  shorter  radius  i?i,  to  find  Ai,  A  a, 
and  Bi, 

Use  equations  (100),  (104),  (101),  (102),  and  (18). 

JKmmpfo.— Let  VA  =  1899.90,  VB  =  1091.12,  A  =  74%  and 
assume  Bi  =  955.37. 
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(100)  K'S,+^,)  1495.51 
{iS^-Sx)   404.89 


log  3.174789 
*'    2.606800 


iA 

87" 
11"  31' 

21"  27' 
37" 

01' 

.5  cot  4.90769 

cot 
ft 

tt 

tt 

tt 

0.567989 
0.122886 

(104)  Xt  (D  =  6") 

ft  69nft7.^ 

2.36249 

tt 
tt 

tt 

tt 

•Je.UoOlTU 
2.606800 

0.373370 

■  •.     jAi 

(101)  i  A 

cot  2.54520 

"   3.59370 
"   4.90769 

.-.     jAi 

(102)  ir 

15"  33' 

as^  -  Si) 

8.50139 

0.929490 
2.606800 

•.     ^  (2>  =  1"40')  8.586290 

(18)  .-.  Ai  =  42"  54',  Zi  =  715;  A,  =  31"  06',  U  =  1866. 

163.  Given:  tU  UneAB,  and  the  angles  VAB,  VBA; 
assuming  the  longer  radiiLS  B^,  to  find  As,  Ai,  and  Ei. 

ExampU.— Lei  AB  =  2437.82,  VAB  =  48"  31',  VBA  =  25"  29', 
and  assume  B^  =  8437.87. 


(105)  iAB 

ir 

^218.91 
^  80  404.38 

-SO 
17>  =  6") 

11"  31' 
37" 

11"  31' 

15"  33' 
37" 

sin 
tt 

8.50166 
cot  4.90785 

log 

(< 

tt 
tt 

tt 
tt 

log 

3.085972 
9.300276 

JA 

2.386248 
9.779463 

■•.  as.' 

(104)  i2. 

2.606785 
3.536289 

ir 

0.929504 

.-.      iAa 
(101)  i  A 

cot  3.59381 

cot  2.54516 
*'  4.90785 

.-.      iAi 

no2)  ir 

21"  27' 

us.- 

2.36269 

0.873407 
2.606785 

•.  iJ, 

2.980192 
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1€^.  Usually  a  compound  curve  ts  fiXted  by  tr|(^  tp  the 
shape  of  the  ground,  after  which  it  may  be  desirable  to 
O^quldta  the  sides  VA,  VB,  or  the  line  AB,  and  the  angles 
YAJB,  VBA, 

Example. — Prom  the  point  of  curve  A,  a  6**  c\irve  is  run 
715 teet  to  the  RG.G.\  thence  a  1°  40'  curve  is  run  1866  feet 
to  the  P'T'  Bequiredi^  the  sides  VA,  VB,  and  the  line  AB, 
and  angles  VAB,  VBA.  Here  Bi  =  955.37,  Ai  =  42"  64', 
^=3437.87,  Aa^Sl^'Oe'. 


(106)  B^  - 

iAi 
iAa 

B,    2i82.50 
-  5,)  404.3Q 

2V  27' 
15*33' 

2r  27' 

11**  ar 

37** 

or 

log  5,994889 
cot  2.54516 
'*  3.59370 

6.13886 

(< 
tt 

^.8^248 
cot  2.54516 

0.788088 

(107)  i?i 

2.606801 
2.980170 

iAi 

0.873869 

(108)  USa  - 

\7  "  4.90764 

<< 

0.690878 
d.  606801 

iA 

8.297674 
0.122886 

•K/Sa  + /S'l)  1495.51  '•    3.174788 

8^  1899.90 

8x  1091.12 

VAB  48**  31' 

VBA  25**  29' 


if- 

37** 

U"  31'  01'.7 

1218.91 
2437.82 

"  ^.606801 
sin  '»    9.779463 

ir 

2.386264 
sin  "    9.300294 

^AB 
AB 

"    a  085970 

165«  Given :  the  radii  i?,,  Ba,  tJie  angle  A,  and  one  aide, 
VA,  or  VBy  to  find  tJie  other  aide  and  the  central  angles  a  i, 
As.    Fig.  43. 
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In  tUe  tH^iigle  AMQ.  AOx  =^  AM  ^  MO,  ==  IQ  -  MQ  cot 

Hi  =  K-^a  +  Sx)  cot  iA  -  U8^  -SO  cot  iAi 

hence 

^Su  +  Si)  =  iiSt  -Si)  cot  i  Ai  tan  i  A  +  JRi  tan  i^A 
J  eq.  (106) 

sm  ^A 

ubstituting  this  above,  subtracting  and  reducing 


Sx  =  (A  -  /?i)  sin  iA,-?^5J<^ ^  +  ij^  tan  iA 


hit  K^  —  ^»)  =i^a  aJi^l  2 sin*  ^Aa  =  vers  Aa,  whence 


S  —  (A  —  -^i)  vers    A  a  +  i?!  vers  A  ^^^ 

* ""  .  sin  A 


^transposing, 


Si  sin  A  —  i?i  vers  A  ,.. ., 

vers  A  a  = 5 5 (111) 

xta  —  ^1 


limilarly,  from  the  triangle  BQOu 

Bn  =  i(^a  +  ^i)  cot  i  A  +  «/Sa  -  /S^i)  COt  i  A, 

iroia  which  a^d  eq.  (106)  we  derive 


knd 


S  _  -^a  vers  A  —  (ga  —  Ri)  vers  A 1  ^ 

*  ~  sin  A 


i?3  vers  A  —  /8a  sin  A  ,-^«v 

vers  A  X  = 5^~zr^ (^^^ 
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Example,— Given  :  VA  =  8i  =  1091.12,  a  =  74',  and 
radii  Bi  =  955.37,  Bt  =  3437.87,  to  find  Ai,  a,,  and  S^. 


ail)  8^ 

A 


Bi 


1091.12 


74- 


74- 


Bt-Bi  2482.50 

A,  81'  06' 


Ai 

(112)  B2  -  Bi 


Bt 

A 


A 
8t 


42°  54' 


log  3.031 
sin  *•    9.9r 


1048.85 

vera  " 

1^ 

692.03 

2.84oJ 

856.82 

2.5524 

vera  " 

9.157a 

ft         t€ 


(< 


9. 

3. 


668.96 

tt 

vera  " 
<( 

(( 
sin  " 

<< 

2.8221^ 
3.5363d 
9.85995 

2490.26 

3.39621 

1826.30 

4 

8.26157 
9.98284 

1899.90 

3.27873 

166.  Criven  :  one  tide,  and  the  radius  and  central  angle  < 
the  adjacent  arc,  to  find  the  other  radius  and  side. 
From  eqs.  (Ill),  (113)  we  have 


B%  —  B\  = 


Bi  —  Bi  = 


81  sin  A  —  Bi  vers  A 
vers  A  a 

Bi  vera  A  —  8i  sin  A 
vera  A I 


(114. 


by  one  of  which  the  required  radius  may  be  found ;  the  require 

side  is  then  found  by  eq.  (110)  or  (112),  as  in  the  last  problen 

meampU.—QiYcn  :  FA  =Hi  =  1091.12  A  =  74%  Bi  =  955.S 

and  Ai  =  42°54';  to  find  iJ,         A,  =  74**  ~  43'  54'  =  Dl"*  0( 
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li^)8i  1091.13 


£^9 


055.37 


fi  2482.52 
3437.89 


74" 


log    8.037873 
Bin  9.982843 


1048.85 


(( 


«< 


8.020715 


2.980170 
•  yers  9.859956 


692.08 


<< 


2.840126 


31'06 


856.82  «     2.552449 
-•  yers  9.157556 


8.394893 


Fio.44. 


Otherwise :  Fig.  44  If  conyenient  in  the  field,  a  tan-, 
jient  PVt  may  be  run  from  the  point  P  to  intersect  the 
farther  tangent.  The  distance  PV^  multiplied  by  cot  ^Aa 
will  equal  the  radius  JS^  by  eq.  (25). 


107*  Bemarks.-^li  the  first  arc  AP  be  produced  to  C?, 
Fig.  44,  so  that  AOiG  =  A,  then  G  is  the  tangent  point  of  a 
langent  parallel  to  VB,  and  by  §137,  the  tangent  point  B  must 
be  on  the  line  PG  produced.  Conyersely,  if  the  point  B  is 
issumed,  and  the  arc  AG  giyen,  the  point  P  must  be  on 
Hie  line  BG  produced.    The  radius  B^  may  be  found  by 
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iJj  =£r-, — i 1  BP  being  measured  on  the  ground  ;  or  by 

8  Bin  ^  A  a 

limilar  triangles  M^  i  Ri  ::  BP  :  OP, 

The  distance  VD,  Fig.  43,  from  the  vertex  to  the  circle 

AGB  is  expressed  by  the  formula 

VD  =  StCOB^  (tan  |  -  tan  ^^-^)  (115) 

i)^  <A^  point  P  faUs  at  B,  then  VB  is  also  the  distance  of  the 
curve  from  the  vertex  measured  on  the  line  VQ.  But  when 
P  falls  At  By  the  radius  Pd  is  perpendicular  to  the  line  AB, 
and  Ai  =  VAB,  and  Aa  =  FR4.  When  Ai  is  greater  than 
VAB,  the  arc  AP^  being  exterior  to  the  circle,  cuts  the  line 
VB;  but  when  Ai  is  less  than  VAB,  the  arc  PB  cuts  the  line 
BQ. 

Jf  the  line  O^P  produced  passes  through  V,  we  have 

Bin  QVL  =  ^qi^  sin  i  a  (116) 

^i  +  Oi 

giving  Ai  =  iA  +  QVL  and  Aa  =  iA  -  QVL. 

When  A I  is  greater  than  this,  we  have  for  the  external 
distance  of  the  vertex 

Bi  =  Ml  exsecAOiV 

in  which  the  angle  ^Oi  Fis  found  by  the  formula  cot  -40i  F= 

Bi 

— -,  and  Bi  is  measured  on  a  line  FOi,  making  the  angle 

AVOx  =  90"  -  AO^V, 

When  Ai  is  less  than  (^A  +  QVL\  we  have  similar  expres- 
sions with  tespect  to  the  arc  BP  and  centre  Oa. 

168.  ^  toc^ite  a  tompound  curve  when  the  point  of  com- 
pound curve  is  inaccessible.    Fig.  45. 

Each  arc  being  in  itself  a  simple  curve  is  located  as  such. 
When  the  P.CG.  is  accessible,  the  transit  is  placed  over  it, 
and  the  direction  of  the  commoUi  tangent  found,  from  which 
the  second  arc  is  then  located. 

When  the  PC.O,  is  not  accessible,  the  common  tangent 
Vi  Fa  may  be  found  by  locating  ihe  points  Fi  and  Fa,  which 
may  be  easily  done,  since  V^A  a  F|Ps=  j^t  tan  iAu  and 
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ViB  -  ViP  =  JR4  tan  i  Aj,  from  which  each  arc  may  then 
be  located  by  offsets  or  otherwise,  as  in  the  cAse  of  simple 
curves. 

Should  the  points  Vi  Fa  be  obstructed,  the  common  tangent 
may  be  found  by  an  offset  HG  =  LP  from  any  convenient 
point  H;  for  knowing  the  angle  MOiP,  we  have  EG  =  Bt 
vers  ffOxP,  and  GP  =  Bi  sin  HOtP, 

If  the  entire  tangent  Vi  Fa  is  too  much  obstructed  for  use, 

the  parallel  line  HK  may  be  employed,  observing  that  the 

LP 
angle  POtK  is  found  by  vers  PO^K  =  -^-,  and  the  distance 

Mi 

LK  by  LK=z  R^  sin  POalrT,  by  which  a  point  K  on  the  second 
arc  is  found  having  a  tangent  offset  KI  =  HG» 


Fio.  45. 


Fio.  46. 


Should  the  line  HKh^  also  obstructed,  we  may  run  the  in- 
verted curve  HP'  =  BP  and  P'Kz=  PKto  find  the  point  K 
from  which  so  much  of  the  second  arc  as  is  accessible  may  be 
located. 


C,  SpedaX  Problems  in  Compound  Curves. 

169«  Given:  d  compound  eutw  ending  in  a  tangent;  to 
chang^e  the  P.C«C.  so  thai  the  curve  Tnay  end  in  a  given 
parallel  tangent*    Fig.  46. 
Let  APB  be  the  given  curve  ending  in  VB, 
VB  he  the  given  parallel  tangent, 
p  =  perpendicular  distance  between  tangents. 
It  is  required  to  change  the  point  P,  and  with  it  the  values 
of  A I  and  A  a*  so  that  with  the  same  radii  Bi  and  Bt  the  new 
curve  APS'  may  end  In  the  parallel  tangent  V'B» 


<i 


ti 
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a.  When  (he  tangent  VB'  is  inside  of  VB: 

Let  Ai  =  ^OxP,   Ai'rr^OiP',  A .  =  POaB;  A,' =  P'Oa'^  . 

and  in  the  diagram  draw  OiG  perpendicular  to  BO^;  then 
OOi  =  OiOi  cos  Ac,  JTOa'  =  OiOi  cos  Aa'.  Subtracting, 
since  OiO^  =  O1O2  =  {B,  -  /?i),  and  KO2'  -  00^  =  aB  — 
KB'=p, 

|>  =  (jBa  —  iJi)  (cos  A  a'  —  COS  A«) 

whence 

cos  Aa'  =   p    ^    p    +  COS  Aa  (117) 

Hi  —  JXi 

PO^P'  =  ( Aa  —  A  a')  and  the  point  P  is  advanced, 

b.  When  the  tangent  VB'  is  outside  of  VB: 

p  =  (i^a  —  -Bj)  (cos  A  a  —  COS  A  a') 


whence 


COS  Aa'  =  COS  Aa  —  „  p  (118) 

Jii  —  Ml 


POiP'  =  (Aa'  —  A  a)  and  the  point  P  is  moved  back  and  the 
arc  AP  diminished. 


Fio.  47. 

In  case  Uie  curve  termihates  with  the  arc  of  shorter 

radiuSy  or  Ri  follows  Mi.    Fig.  47. 
c.  When  VB  is  inside  of  VB: 

p  =  (Bi  —  Bi)  (cos  Ai  —  cos  Ai') 
wlience 

cos  Ai'  =  cos  A 1  -  ^  ^^  (118) 

POaP'  :=  (Ai'  -  ^i)  and  the  point  P  is  wkwed  back. 
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d.  When  V'B'  is  outside  of  VB: 

p  =  (Bq  —  Bi)  (cos  A  i'  —  cos  A  i) 


^  whence 


COS  Ai'  =COS  Ai  +   p  p  (120) 


POiP'  =(Ai  —  Ai')  and  the  point  P  is  advanced, 

ExamjOc—Let  B  =  2292.01,  jBi  =  1432.69,  Aa  =  28%  and 

p  =  20.(y7  inside  of  VB ;  case  a. 

p  20.07  log  1.802547 

(117)JB,-i?i    859.32  **    2.934155 

.023356        ••    8.368392 
A  a  28**  COS  .88295 

.-.     A',  25^  "  .906306 

.-.    POiP'  3** 

170*  Given:  a  compound  curve  terminating  in  a  tangent, 
to  ctaiangre  the  P.C.C.  and  also  the  last  radius,  so  that  the 
curve  shaM  end  in  a  parallel  tang^ent  at  a  point  on  the 
same  radial  line  as  before.    Fig.  48. 


Fio.  48. 

Let  APB  be  the  given  curve  ending  in  the  tangent  VB\  let 
VB'  be  the  given  parallel  tangent;  and  let  p  =  BB'  =  HI=: 
tne  perpendicular  distance  between  tangents. 

It  is  required  to  change  the  point  P  to  P',  and  also  the 
value  of  Bst  to  JRa',  so  that  the  new  curve  may  end  in  V'B'  at 
B'  inside  of  VB  on  the  same  radial  line  50a. 

In  the  diagram  produce  the  arc  AP  to  G  to  meet  Oj  G 
drawn  parallel  to  dB;  then  POiG  =  A  a.  Draw  the  chord 
PB,  and  it  will  pass  through ^6^.    Lay  off  the  distance  p  from 
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^on  BO9  to  find  B';  (Jr^^  B'Gf  9^  pToduoe  \t  to  liiter^ect 
the  arc  APG  in  P'.  Then  F'  is  the  P.aC.  required.  Join 
P '  Oi  and  produce  it  to  meet  BO9  produced  in  Oi'.  Then 
P'Q%  =  B'Oi  =  Bt'  the  new  radius,  with  which  describe  the 
arcP'5'. 

By  Geom.  Tab.  I.  18: 

PBV  =  \  PQ^B  =  iAa,  and  QB'  V  =  iP'O^B  =  i a,'. 

PGP'^BOR  =  i< A,  -  aO 

Brfkw  Oi^  perpendicular  to  BO^. 

Then  Oi^  =  9'S^ BI=  0^0^ sin  Aa  =  (iJ,  -  iJi)  sin  A, 

♦      w        ^^        ^      ,      ,      OH      GI-p 
tan  i Aa  =  ^F       tan  i a,'  =  ^70= 


5/  '    "      P'i?""     B'S 

taniA2'  =  taniAa-T^ ^-^ — --  (121) 

In  the  triangle  OiO^(h' 

sin  Aa'  :  sin  Aa ;:  OjO,  :  0»0a'  ::  (i?a  -  i?0  :  (B^  -  jB,) 

sin  Aa 

^D^<1  lain    A 

i?a'  =  (iJa  -  ^i)^|^^  +  ^i  (133) 

IfBV  were  outside  of  VB; 

tan  iA,'  =  tan  *  a,  +  ^s,  -  l^n  ^.  ^'^ 

B,'  =  (B,-  i?0-£^  +  iJ,  (132) 


TTAdB  (&«  gmallep  radius  i?,  >«&>«>«  «,:   ^the  given 
tangent  B'V  i»  inside  ofBV.    Pig.  49. 

ten  iA.'  =  tan  iA.  +  -^^_|^-j__        (la*) 


fi.'  =  iJ,  -  (iS,  -  2?,)  J5^  (125) 
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IfBV  is  outside  ofBV: 


P 


(-Ra  —  i2,)aiii  A^ 
^  'sin  Ai 


Fio.  49; 


Example  1.— J%.  48. 


Let  M%  =  22^.01       ^  =  20.07  insm. 
"  ^1  =  1432.69     A?  =  28° 


(126) 
(125) 


!(121)i2,-jR,  = 

\                     Aa 

859.32 

20.07 

.04975 
,24938 

28° 

ir 

22° 

28° 

ir 

34' 

• 

log  2.934155 
log  sin  9.671609 

^ 

2.605764 
1.302547 

tan^Aa 

8.696783 

.*.  tan  ^Aa' 

022)          ^Aa' 

(i2>  -  i?i) 

.19958 

sin  9.584058 
2.934155 

Aa 

3.350097 
sin  9.671609 

(i?.'  -  Bx)       1051.25 
i?i        1432.69 


3.021706 


^M,       lU       2488,94  .  •.  D  =  2M8'  26' 
rOxf  =  28°-  22°  a4'  =  5°  26'  .  •.  PP'  =  igg.^  ft. 


n 
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Example  2,— Fig.  49. 


Let  12,  = 

2292.01       p 
1482.69      Ai 

=  20.07  inside 
=  46** 

46"* 

28" 

24°83i' 

49°  or 

46" 

log  2.984155 
log  sin  9.856934 

(124)  Bt-Bi 

Ai 

859.82 

20.07 

.08247 
42447 

ft 

P 

2.791089 
1.302547 

taniAi 

8. 511458 

log  sin  9.878547 
2.934155 

.'.  tan^Ai' 
.-.  Ax' 

.45694 

817.60 
2292.01 

Ai 

3.055608 
log  sin  9.856934 

iJ. 

2.912542 

Ana,       Bi'  =  1474.41  . '.  D  =  8°  58'  12* 

PO^P'  =  A  x'  -  A 1  =  8°  or  .  • .  arc  PP'  =  —^^  =  124.67  ft. 

Observe  that  in  either  figure  both  tangents  mast  be  on  the 
same  side  of  the  point  G,  in  order  to  a  solution. 


Tio.  60. 


171*  Given:  a  compound  curve  ending  in  a  tangent,  to 
cTiange  the  last  radius  a^M?  also  tlie  position  of  tJie'P^C.C*, 
so  that  the  curve  may  end  in  the  same  tang^ent.    J^g.  50. 
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I.  When  the  curve  ends  with  the  greater  rcKfttM  R%. 

Let  APB  be  the  compound  curve  in  which  RiR^  A  i  and 
A 1  are  known. 

In  the  diagram  draw  the  chord  PB  and  produce  the  first 
arc  AP  to  meet  it  in  G\  draw  OiG,  and  produce  it  to  meet  the 
tangent  in  K.  Then  by  §  137  OiK\&  parallel  to  O^B,  and  by 
eq.  (57) 

OK  =  (i?a  -  Bi)  vers  Aj  (127) 

If  we  assume  P'  as  the  new  P.  G,  (7.,  we  have  a  a'=  PViB\ 
and  the  chord  P'G  produced  will  intersect  the  tangent  at  the 
new  point  of  tangent  B*,  and  BO2  =  i?a'.  Similar  to  eq.  (127) 
we  have 

GK=(Bi'  -i?i)vers  a«' 

and  equating  the  two  expressions,  we  obtain 

'  vers  A  a  ^versAa 

j(f  we  assame  Ral  we  have 

^  ,       jBa  — *  Bi  GK  x^^/vv 

vers  Aa'  =  j^^,  _  j^^    vers  Aa  ^  ^,_jg         (129) 

In  the  two  right-angled  triangles  BKG  and  BKG,  we  iave 

P^=6?^C0tiAa 
J?X=  G^COtiAa' 

Rad  by  subtraction, 

P^'  =  G^JS:(C0t  iAa'  -  cot  iAa)  (130) 

in  which  GKSa  obtained  from  eq.  (127). 

When  BB  as  given  by  eq.  (130)  is  negative,  the  point  B'  falls 
between  B  and  F. 

If  we  assume  the  distance  BB'  on  the  ta/ngent,  we  have 
from  the  last  equation, 

BB^ 

cot  iAa'  =  cot  iAa  ±  ^^  (131) 
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OK  being  obteiued  tt6m  eq.  (187)  knd  i^/  from  «<|.  (128).    In 
eq.  (131)  ttlse  the  +  sign  wkea  B*  is  bejond  ^  as  in  (he  Fig.  60. 

II.  When  the  given  curve  end$  with  the  smaller  radius 
Bu    Fig.  51* 

0 


Fid.  SI. 

We  have  by  a  similar  reasoning 

OK  =  (72,  -  Bi)  vers  A  i  (182) 

vers  Ai  vers  Ai  ^     ^ 

I  Bq    Ml  ^^  OK  r<r»jx 

£B  =  (JXCcot  iAi  -  cot  JA,*)  (185) 

cot  iAi'  b=  cbt iAi  i  -g^  (136) 

using  the  —  sign  when  B*  is  beyond  B, 

Example, — Mg.  51. 

Let  A  =  2293.01,  A  =  1432.61^,  Ai  =  46^  and  let  the 
P.  ft  a  be  moved  back  200  feet  from  P  to  i^ ;  hence  PO^'P"  = 
S"*  and  Ai'  =  51°;  to  find  the  new  radius  Bi  and  the  distance 
BA. 
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£q.  (132)  B^-Bi    859.32  log         8.934155 

Ai  46**  "    vers  9.484786 


eq.  (188)  A.' 

eq.  (185)  G^JT 
cot^A, 

COtiA; 

log 
61" 

707.85 
2292.01 

1584. 1«  andi>=8*37' 

log 
2.955^         93" 
2.09054         25"  30' 

2.418941 
vers  91168999 

8.84994d 
9.418941 

0.25931                          log 

9.418819 

r.Sff  WLQ4  1.83?760 

172*  Oiven  *  a  compound  curve  ending  in  a  tangent,  the  last 
raditis  heing  the  greater,  to  change  the  last  radius  ar^ 
also  the  position  of  the  P.O.C  so  that  th^  curve  may  end  at  the 
same  tangent  point,  but  with  a  given  difference  in  the 
direction  of  the  tangent.    Fig.  52. 


FiQ,  68. 

Let  APB  be  the  given  compound  curve,  POi  3=  9i  and 

Let  F'^  1)6  the  new  tangeiit,  and  the  angle  VBV  =  i,  the 
given  difference  in  direction  :  to  find  J50a'  =  Bi,  BO%'P'  = 
A  a'  and  the  angle  POiP'. 
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We  have 

J50,  -  0,0,  =  Bt-CRi-  Bi)  =  Bi 

BOj!  -  OxOa'  =  B^'  -  (5>  -  iJi)  =  Bi 

From  which  we  see  that  whatever  may  be  the  value  of  the 
new  radius,  the  difference  of  the  distances  from  B  and  d  to 
the  new  centre  is  constant,  and  equal  to  Bi,  We  therefore 
conclude  that  the  centres  O2  and  d'  are  on  an  hyperbola  oi 
which  B  and  d  are  the  foci,  and  Bi  the  major  axis. 

This  suggests  an  easy  graphical  method  of  solving  the 
.problem. 

Through  B  draw  a  line  perpendicular  to  the  new  tangent 
V'B  which  will  give  the  direction  of  the  required  centre  O2'. 
On  this  line  lay  off  BKeqnsl  to  Bi,  and  since  {B^'  —  i?j)  = 
OiOi  =  KOi,  if  we  join  KOi,  the  triangle  KO^'Oi  is  isosceles; 
therefore  bisect  KOi  and  erect  a  perpendicular  from  the  mid- 
dle point  to  intersect  the  line  BK  produced  in  O9'.  Draw  O^'Oi 
and  produce  it  to  intersect  the  arc  AP  (produced  if  necessary) 
in  P'.  Then  P'  is  the  new  P.C.C.  required,  and  BO^'  = 
P'Oa'  =  i?«',  the  new  radius. 

The  analytical  solution  is  as  follows : 
Adopting  the  usual  notation  of  the  hyperbola 

Let  2a  =  Bi    =  the  major  axis, 
"  2c  =  BOi  =  the  distance  between  foci. 

Produce  the  arc  AP  and  through  B  draw  the  tangent  BE, 
and  Join  HOi  =  Bi.    Then  m  the  right-angled  triangle  BHOi 

Bm  =  POi«  -  B,^  =  4c«  -  4a» 

Now  by  Anal.  Geom.,  c^  —  a*  =z  J». 
Therefore  2b  =  BH  =  the  minor  axis. 
Draw  the  chord  PB  and  produce  the  arc  AP  to  cut  it  in  O. 
Then  by  Geom.  (Table  I.  24) 

J5J5r«=  PBxGB  =  2Bt  sin  iAa  X  2(i2,  -  Bj)  sin  iA, 

•.  BH  =  2  sin  i  Aa  i^Pa  (Pa  -  Bi)  (137) 
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liCt  a  =  the  angle  HOiB,  then 

tana  =-^  and  B0^  =  -^*  (138) 

Bi  cos  a  ^     ' 

In  the  triangle  BOiOi  let  OiBO^  =  /?  ;  then 


8inyg=  ^j,^^'  sm  A,  039) 


The  polar  equation  of  the  hyperbola  for  the  branch  10M» 
taKing  the  pole  at  B  and  estimating  the  variable  angle  v  from 
tnc  line  BOu  is 


c .  cos  V  —  a 


When  V  =  fi  ±  i,  r  =  B^',  and  substituting  the  values  of 
a,  b,  and  c  found  above,  we  have 

-^''  ^  2  (50,  cos  0^  ±  0  -  i?i)  ^^ 

using  (/?  +  »)  when  F'  falls  between  F  and  il,  as  in  the 
figure,  and  (fi  —  i)  when  V  falls  beyond  F. 
In  the  tnangle  BOM,  the  angle  BO^'Oi  =  Aa'  and 

»/) 

sin  A,'  =   ^,     '      sin  (/?  ±  t)  (141) 

Finally 

PO,P'  =  A,  -  (A,'  ±  0  (142) 

Bemarh—Wheji  V  falls  between  Fand  Ay  as  in  Fig.  52,  if 
the  angle  t  be  greater  than  the  angle  VBH,  the  curve  ceases  to 
be  a  compound,  and  becomes  reversed.  Therefore  VBH  = 
a  —  ^  is  the  maximum  value  of  *  possible  In  this  case.  When 
F'  falls  beyond  F,  the  point  P'  will  fall  between  Pand  A\, 
and  the  largest  possible  value  of  i  will  then  be  that  which 
renders  POiP'  =  A  i,  and  makes  the  point  P'  coincide  with  A. 
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Example.— Fig.  52.    Let  Bi  =  I4d2.l»      At  ^  6l' 


(137)  i2. 

iA. 
2 

a 
BOt 

As 

Bt 

BS^ 
B,' 

i-6'* 

85t.32 

2292.01 

1432.69 

1727.09 
1482.69 

4                                                            * 

Bt  =  2292.01 

28' 

48'*  36^  2*^V 
4d'  d6'  88'.7 

56** 

21**  28'  06'.3 
27''  28'  06\3 

<  2  =  588.80 

=  36''  18'  26^ 
=  13*'  41'  64"  = 

A,  =  66- 

log  2.934155 
3.360217 

2 )  6.294372 

3.l4tl86 

log  sin  9.671609 

0.301030 

(138) 

3.119825 
3.156151 

.•-. 

log  CO0  9.866889 

• 

(139)  Bt 

2.934155 

9.644893 
log  sin  9.918574 

m 

(140)      , 

lt)g  fiifi  9.568467 

log  cos  9.948053 

3.^89263 

8.237315 

294.40: 

2949.05 

Aa' 

POiP' 

2.769968 
6.239650 

« 
•       • 

(141)  .-. 

(142)  .-. 

8.46966g 
342.8  feet. 

Bema/rk — This  problem  may  also  be  solved  by  first  finding 
the  new  sides  F'-4,  V'By  from  which  and  the  new  teatml 
angle  (A  ±  i),  and  the  radius  i2i,  may  be  found  Ai',  A  a',  and 
i?a',  as  in  §  162.  The  nfeW  sides  are  i^adily  fbufid  from  the 
old  ones  by  solving  the  triangle  VBV.  If  the  original  sides 
are  not  feiv^h,  they  must  be  ttaictilated  fes  in  §  i(J4. 

\^'A\  Q^n:  a  coWt^imd  eUrre  ^Mi^s^  in  a  fSahjfHt,  the 
dAit  rMiits  hieing  tM  Itess,  to  dhmiffe  tke  l^ftt  i^llkditt^  'aM  tki 
pd»imi%  cf  tk6  I^.€.C.  9oVtai  the i^¥be  itiap tm  ^l  m  mim^ 
tMk^nt  tM^itity  but  itith  a  giVeil  diiffiet^ikt^  in  ike 
direction  (f  f<mffen<t.    Fig.  m. 
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Let  APIB  be  the  given  ttttl-ve,  and  PO^  =  J^s^iBtiid  JPOi  =3 
Rr  <  R^,    Let  F'^be  the  new  tangent,  and  VBV  =  t,  the 
^  given  angle;  to  find  BOi'  =  Bi\  BOi'P'  =  Ai',  and  POtP'. 
^      We  have 

BOi  +  0»0,  =  ^1  4-  (jB,  -  i?0  =  jB, 
BOi'  +  Oi'Ot  =  i?/  +  (i2a  -  -B/)  =  jB. 

frotii  which  we  iliffer  that  the  locus  olf  the  cetttre  A'  is  an 
eUtpse,  of  which  ^  and  Oa  are  the  foci,  and  Jit  th«  major  axis, 


Pio.  53. 
since  the  «2^m  of  the  distances  BOi  and  OiOi  is  always  equal 

to  iTa. 

This  fiuj^gfedts  an  easy  gr^aphical  solution  of  the  ptob- 
blem,  as  follows  ; 

Perpendicular  to  V'B  draw  the  indefinite  line  BK,  which 
will  contain  the  required  centre  d',  and  lay  oflf  BK  =  R3. 
Join  KOi,  bisect  it,  and  from  the  middle  point  erect  a  perpen- 
dicuMt  to  ihlersect  BK  in  Oi'.  Join  OaO/,  and  produce  the 
line  to  intersect  the  arc  AP  (produced  if  necessary)  in  P'-, 
Which  i<s  the  neW  P.0.0.  required.  P'Oi  =  BO/  ==  Ei\  the 
required  radius,  and  P'Oi'B  =  Ai'. 

Tbe  analytical  solution  is  as  follows  :  Adopting  the 
usuAl  notation  of  the  ellipse, 

let  2a  =  B^    =  the  major  axis, 

**  2e  =  BOi  =  the  distance  between  foci. 

At  B  eteet  bS  perpendicular  to  BO2  to  intersect  the  arc  AP 
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(produced  if  necessary)  in  H,  and  join  Hd  *=  B%,     Then 

But  by  Anal.  Geom.,  a'  -  c*  =  d*. 

Hence  26  =  ^fi"  =  the  minor  axis. 

In  the  triangle  BOiOi  we  know  BOi  =  Ri,  and  OiO*  = 
B^  —  B\,  and  the  included  angle  BOiOt  =  180"*  --  Ai;  hence 
by  Trig.  (Tab.  II.  25) 

tan  i(0»  O2B  -  Oi^Oa)  =    ^p      '  tan  ^  A ,         (143) 

The  angles  at  B  and  Oa  are  then  found  by  (Tab.  11.  26). 
Let/?  =4he  angle  OiBOt;  then 

5O,  =  (i2,~i?0^^^  a44) 

The  value  of  BH^  above  may  be  written 

BH^  =  (i^a  +  BO2)  (i?9  -  50a)  (145) 

The  polar  equation  of  the  ellipse,  taking  the  pole  at  B,  ano 
estimating  the  variable  angle  d  from  the  axis  BO9,  is 

r  = 


a—  c.  cos V 


When  V  =  ff  T  i,  then  r  =  i?/,  and  substituting  the  values 
of  a,  by  and  c,  given  above,  we  have 

BH* 

^'    "^  2(i?a-50aCOS(/?qFt))  ^^^^ 

using  (/?  —  t)  when  F'  falls  between  Fand  -4,  as  in  Fig.  53, 
and  (/?  +  »)  when  V  falls  beyond  F. 

In  the  triangle  BOi'Oi,  the  angle  0,'50a  =  (/?T  »),  and  the 
exterior  angle  BO/P'  =  Ai';  hence 

sin  A 1'  =  ^^  _'^  .  sin  (/?  t  »)  (147) 

Finally  POaP'  =  (A,  T  *)  -  Ai'  (148) 

When  F'  is  on  ^F  then  POaP'  is  negative,  showing  that 
it  must  be  laid  oflf  from  P  toward  A;  but  when  V  is  beyond 
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r,  then  PO%P'  is  positive,  and  P'  will  be  on  AP  produced. 
The  only  limits  imposed  on  the  angle  i  are  that  the  resulting 
value  of  PP'  shall  not  exceed  PA,  and  that  Ri  shall  not  be 
less  than  a  practical  minimum. 

Mcample. — Fig.  53. 

Let  2>,  =  3°  20'     i?,  =  1719.12      Aa  =  28°  20' 
2),  =  6**  i?»=    955.87      Ai  =  48' 

The  resulting  values  are  as  follows: 

2V  09'  32',6 
1572.42 


t  =  7'45' 


BW 
B^ 

A,' 

PO^P' 

PP' 


1273.65 


54**  56' 
14°  41' 


8.196567 
5.688829 
8.106052 


440.5 
(See  also  remark  at  end  of  §  172.) 

1 74r.  Qioen  a  simple  curve  jotning  two  tangenUf  to  re- 
place it.  by  a  three-centred  compound  curve  between 
the  same  tangent  points*    Fig.  54. 


Fia.  64. 

Let  B  =  AO  =^  radius  of  simple  curve. 

jBi  =  POx  =  P'Oi  <B    Ai  =  POiP' 

Bi=AO^=  BOi>B   A2  =  A0iP=  BOtP' 

A  =  AOB 

Since  AO,  is  made  equal  to  BOa  and  VA  =  VB  ,  AOiPmusi 
equal  BO9P',  and  the  compound  curve  will  be  symmetrical 
about  the  bisecting  line  VO;  and  the  centre  Oi  will  be  on  the 
line  VO. 
We  have  at  once  from  the  figure, 

2a«+  Ai  =  a  (149i 
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In  the  triangle  OOiOa  wc  have 

OiOa  :    00a  ::  sin  AOV:  sin  POiV 


whence 


jBa  —  Ml  = 


(jga  -  ig)BiniA 
sin  i  A 1 


(150) 


which  expresses  the  general  relation  between  the  quantities^ 
B  and  a  being  given. 

We  may  now  assume  values  for  Ri  and  R^  subject  to  the 
above  conditions,  vin.,  Ri  <  M  and  R^  >  R;  whence 


xta  —  ^i 


(151) 


In  selecting  values  for  Ri  and  R^,  the  degree  of  curve  Z>i 
should  be  but  little  greater  than  2>  of  the  simple  curve,  say 
from  30  to  60  minutes,  while  D^  n^ay  be  taken  at  |D  to  iD. 

Emmple.-QiyeYi:     ij  =  1719.12    2>  =  8°  20'     A  =  40* 

Let  Ri  =  1432.69    B^  =  4" 
"  i?a  =  5729.65    2>a  =  1" 


J?a  —  R 

R^  —  Ri 

4010.53 
4296.96 

r   138.4  ft 

20" 

18"  36'  57" 

37"  13'  54" 

1"  23'  03" 

log  3.603202 
"  3.633161 

iA 

"  9.970041 
log  sin  9.534052 

iAx 
A, 
Aa 

AP  -  PL 

"    *'    9.504093 

Again  we  m^ay  assum^e  A  a  aiid  iJi,  whence 

Ai  =  A  —  2At 


and 


P        iJsiniA —iJi  siniAi 

xta  —  ■ "• — ; ; — ; ■ 

Sin  I A  —  smiAi 


(152) 


EmmpU.—QiYQw,  R  =  1719.12     A  =  40" 

Let  Ri  =  1432.69     Aa  =  1'  .-.   Ax  =  38* 
Ans.  i?a  =  7387.24    .-.  Da  =  0"  46i'    AP  =  129. 

Finally  we  m^y  assume  As  an4  R^,  and  deduce  Ai  and  Ri 
from  eqs.  (149)  (150);  but  this  is  the  least  desirable  because 
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tke  value  of  Bi  so  foxind  will  not  usually  give  a  convenient 
ralue  to  the  degree  of  curve  Di. 

175.  To  determine  the  distance  HH'  between  the  middle 
jmnts  of  a  simple  curve  and  a  three-centred  compound  curve 
'joining  the  same  tangent  points  AB,    Fig.  64 

In  the  triangle  OOxO^,  we  have 

00,  =  (&  -  iJ.)  ?!^' 

^  sin  i  A 

EH'  =  00,  +  OxH'  -  OH 

.-.  HH'  =  (i?,  -  R^f^^  -  {B^  Bx)     (153) 

In  the  first  example  given  above  HH'  =  14.55,  and  in  the 
second  HH'  =  17.00  ft. 

la  many  instances  the  distance  HH'  is  ao  great  as  to  render 
this  problem  practically  useless,  unless  the  distance  HHi  lis 
discounted  beforehand  by  putting  the  simple  curve  AHB  i^ 
suliicient  distance  inside  of  the  proper  location  through  the 
point  H',    But  the  problem  given  below  is  usually  preferable. 


176.  Given,  a  siniple  curye  joining  two  tangents  to  re- 
place  it  by  a  three-centred  compound  curve  which 
shall  pass  through  the  same  middle  point  H. 

L  The  curve  flattened  at  the  tang^ents.    Fig.  55. 

Let^  =  AO,  the  radius,  and  A  :=  the  central  angle  of  the 
simple  curve  AHB,  and  let  H  be  the  middle  point. 

Let  B,  =  PO,  =HOi  A ,  =  PO,P' 

"  J?,  =  P0«  =  ^'Oa  =  B'Oz  A«  =  POW  z=z  P'O^B' 

"  A'  and  B'  be  the  new  tangent  points  required. 

We  have  at  once,  as  in  the  last  problem, 

2Aa+Ai=A.  (154) 


% 
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8ince  the  curve  is  to  be  symmetrical  about  VO^  HP  =  SP'. 
PA  =  P'B,  and  AA'  =  BB'.  ^  _ 


Fio.  56. 

In  the  diagram  produce  the  arc  HP  to  O,  and  draw  Oi  6 
parallel  to  OA,  and  produce  it  to  K.  Then  a  tangent  line  at 
G  will  be  parallel  to  VA ;  and  by  §  137  the  point  G  will  be  on 
the  long  chord  HA,  and  on  the  long  chord  PA\  GK  is  the 
perpendicular  distance  between  parallel  tangents,  and  the 
problem  is  similar  to  that  given  in  §  171 ;  whence  by  eq.  (57) 
we  have,  in  this  case, 

GK  =  (i?a  -  Rx)  vers  Aa  =  (12  -  Rx)  vers  i  A.    (155) 

for  the  general  equation  in  which  R  and  A  are  given. 
Analagous  to  eq.  (130)  we  have 

AA'  =  KA'  ^KAz=zGK  cot  GAK-  GK  cot  GAK. 

.  •.  AA  =  GK  (cot  J  Aa  -  cot  iA)  (156) 

in  which  GK  is  obtained  from  (155). 

We  may  now  assume  values  -for  Ri  and  i?t,  making  Ri  <  R 
and  iJfl  >  iJ,  and  deduce  the  values  of  A  a,  Ax,  and  AA'. 

Solving  eq.  (155) 

(R  -  R,)  vers  I A  GK  ,_^ 

Eq.  (154)  gives  Ai,  and  eq.  (156)  ^ves  AA\ 
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Example.— Fig.  55. 

Given:  i?=    764489 
Let  R,  =    716.779 
-  iJ,  =  3437.870 
(155)  B-Bi  47.71 


D  =  7°  30' 

D,  =  8° 
Da  =  1°  40' 

20** 


(156) 


OK 

As 

A'P 

^Aa 
iA 

GK 
AA 


2721.091 

(say)  2°  38' 
158.00        Ai  =34^44' 
43.5081  =  cot    l**  19' 
5.6713        cot  10** 


A  =40* 


log  1.678609 
log  vers  8.780370 

log  0.458979 
'*  3.434743 


log  vers  7.024236 


87.8368 
108.87 


log  1.577914 
**  0.458979 


(( 


2.036893 


and 
and 


Again,  we  may  asmme  a  a  and  Ex  <  R\  whence 

Ai  =  A  —  2Aa 

eq.  (155)    OK  =  {R  -  Ri)  vers  ^  A 

OK 


iJ,  =  jBi    -j- 


vers  As 


a58) 


Eq.  (156)  gives  AA'. 

Again,  we  ma/y  assume   A  a  and  the  distance  AA';  whence, 
from  eq.  (156) 

AA' 


0K  = 


cot  iAa  —  COtiA 


(159) 


eq.  (155)       i?i  =  jB  - 


OK 


vers  iA 


eq.  (158)  gives  Rt. 
Again,  we  may  assume  Ri  <  R  and  AA' ;  then,  eq.  (155) 


and  eq.  (156) 


OK  =  (i?  —  Ri)  vers  i  A 

AA' 

cot  iAa  =  cot  iA  +  -g-gr 


(160 


and  eq.  (158)  gives  Rn. 
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EijDampU. — Mg  55. 

Given:  JJ  =    764.489 
Let  Bx  =    716.779 
'*  AA  =    110. 

Hence  by  l&st  example. 


D  =  7°  30^ 
A  =  8* 


A  =40* 


eq.  (160)  AA 

110. 

38.2309 
5.6718 

10* 

V  1^  18* 
(say)      r  87'      log 

i)a=    r89' 
Ai=e4'W 

log  0.458979 
2.041393 

COtjA 

1.582414 

COt|Aa 
(158)              A  a 

OK 

43.9022 

2759.5 

3476.3 

157. 

tog  1.642486 

vers  7.018147 
0.458979 

Bi 

Ar 

8.440881^ 

II.  The  curve  sharpened  at  the  tUngents.    Fig.  56. 

This  case  will  only  occur  when,  with  a  given  external  dis- 
tance VH,  a  simple  curve  would  absorb  too  much  of  the  tan- 
gents. 


Fig.  58. 

Let  AJSB  be  the  simple  cUfve,  and 
"  A'PHP'B'the  requined  compound  curve. 

*'    R^-P(h=   H0^\  Aa=    POaP' 

"    l?x  =  POx  =  AOx  =  B'O^;  Ai  =  AOxP^  P'OtB', 

We  have  from  the  figure, 

2Ai+  Aa=  A.  (t61> 
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In  the  difegram  dmw  0^&  parallel  to  OA  cutting  the  tan- 
gent at  ky  and  ptoduce  the  ate  HP  to  <},  Draw  the  chords 
^  GH  and  GP,  parsing  through  A  and  A'  i-espectivcly.  We 
have  then  a  discussion  similar  to  the  preceding  case,  !ind  to 
the  problem  §  171,  1^\g.  51,  whence  we  derive  the  general 
formulae: 

GK={IU-'  Ri)  vers  Aj  =  (A  -  JB)  vers  iA     (162) 
and 

AA'  =  6?^ir(col  iAi  -  cot  iA)  (163) 

1.  Assuming  Rx  <R  ahd  R^>  R 

GK  R9  —  R  .  ,^/»jv 

vers  Ai  =  j^  _^  =    b  __jD   vera lA        (164) 

2.  Assuming  Ai  <  iA  and  Ri  <  B 

„        R  vers  i  A  —  i?i  vers  Ai  ,.^^ 

its  = -^ : (loo) 

vers  i  A  —  vers  A 1  ^ 

3.  AsBimiing  Ai  <  iA  and  ^-4' 

A  A' 

COtiAi— cot^A  '^ 

Bi  =  Bi  +  -^=—  (167) 

'   vers  iA 

i?i  =  iJa ^^  (168) 

vers  Ai 

4.  ilftsumiiig  Rfi>  li  and  ^  J.' 

(?Jt  =  (i?a  -  iSO  vers  i  A 

cot  iAi  =  cot  iA  +  -^^  (16^ 

The  third  assumption  will  usually  secure  most  readily  the 
desired  curve.  A  A'  should  be  assumed  as  small  as  the  nature 
of  the  ciwe  Will  allow,  iand  Ai  should  not  be  touch  smaller 
than  iA. 

It  l»  evidently  not  Tteceaaary  that  the  new  cUrve  should  be 
symmetrical;  for  having  laid  out  the  curve  A'PH,  the  simple 
curve  HB  may  then  be  used,  or,  if  desirable,  some  compound 
curve  HP'B'  determined  by  an  assumed  value  of  BB'  not 
equal  to  AA'. 
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These  formulae  (154)  to  (169)  are  readily  adapted  to  the 
case  of  substituting  a  compound  for  a  simple  curve  when  it 
is  necessary  to  keep  one  tangent  point  fixed,  but  to  move  the 
other  a  certain  distance  in  either  direction  on  the  tangent. 
For  if  in  Figs.  55,  56,  we  draw  a  tangent  at  H,  and  make  11 
the  fixed  point  of  tangent,  it  is  evident  that  the  central  angle 
of  the  curve  will  then  be  AOIL  The  only  change  necessary, 
therefore,  to  adopt  the  formulsB  to  this  case  is  to  write  a  in 
place  of  I  A,  and  to  observe,  instead  of  eqs.  (154)  (161),  that 


Example. — Fig 

Let               R=i 
Assume    AA  — 
Eq.  (166)  AA  - 

COt^Ai 
COtjA 

Ai+  Aa 
.55. 

1910.08     A    = 
260.         Ai  = 
260. 

2.90421 

2.60509 

=  A. 

:84" 

:38''      .-.   Aa  =  8° 

log  2.414973 

19-^ 

21** 

.299 

3384.07 
1910.08 

12 

log         9.475846 

GK 

Eq.   (167)  i  A 

2.939127 
42"               "  vers  9.409688 

E 

3.529439 

Eq.  (168)  QK 
Ai 

5294.15 
4100.27 

i>  =  8ayr05' 

log         2.939127 
38°               "  vers  9.326314 

3.612813 

AP 

1193.88 
791.67 

7)  =  4''  48' 
P//  =  369.23 

177.  Given,  two  curves  jmned  hy  a  common  tangent 
to  replace  tlie  tangrent  by  a  curve  campmnded  with 
the  given  curves.    Fig.  57. 

Let  Ri  =  BOi  the  radius  of  one  curve, 

Bi  =  AO9  the  radius  of  the  other  curve,  >  Ri, 

I  =  BA  the  common  tangent, 
R^  =  POa  ^  P'O^  the  radius  of  connecting  curve. 
A 9  =  PO^P'  the  central  angle  of        " 

a  =  AOzP  and  fi  =  BO^P, 

i=  AO.Oi. 


a 
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In  the  diagram  join  OiOz  and  draw  OiO  parallel  to  BA. 
Then  in  the  right-angled  triangle  O1GO3  we  have, 


cot  t  = 


OiO,  = 


OOt        Rt  -  Bx 


GOx 

Ba  —  Bi 

COS  i 


I 
I 


8in  I 


(170) 


(171) 


which  gives  the  distance  between  the  centres  of  the  given 
curves. 


Fia.  57. 


We  shall  now  assume  the  following  geometrical  truths, 
which  may  be  easily  demonstrated. 

If  two  circles  intersect  in  one  point,  they  intersect  in  two 
points;  and  the  line  joining  the  two  points  is  the  common 
chord. 

The  common  chord  is  perpendicular  to  the  line  joining  the 
centres,  and  when  produced  it  bisects  the  common  tangents. 

If  a  third  circle  is  drawn  touching  the  two  circles,  a  tangent 
to  the  third  circle,  parallel  to  the  common  tangent,  will  have 
its  tangent  point  on  the  common  chord  produced. 

Conversely,  therefore,  if  the  tangent  BA  be  bisected  at  JT, 
and  a  line,  KI,  drawn  perpendicular  to  d  d,  KI  will  coincide 
with  the  common  chord  produced,  and  the  angle  IKA  — 
AO9O1  =  /.  If  on  KI  we  assume  a  point  I  through  which 
it  is  desirable  that  the  connecting  curve  should  pass,  then  /  is 
the  tangent  point  of  a  tangent  parallel  to  BA;  consequently 
a  line  through  I  perpendicular  to  BA  contains  the  reqidred 
centre  0«. 
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I.  Let  p  =  HI  ^  the  perpendioul^ir  dist^ce  between  the 
tangents. 

If  in  the  diagrain  we  join  I  A  and  /B,"and  produce  the 
chords  to  intersect  the  given  curves  in  Pand  P\  then  P  and 
P'  are  the  points  of  compound  curvature;  and  the  lines  J*Oi 
and  P'Oi  produced  wiU  intersect  10^  in  the  same  point  Oa; 
and  the  angles  P'OJ=  a  and  POJ  =  fi. 

In  the  triangle  AIB  the  line  KI  bisects  the  base  AB,  and 
we  hftve  by  Geom,  Tab,  I.  ^ 

AI'-  +  Br  =  2AK^  +  2J£7» 

By  eq.  (56)        AI  =  2(i2«  -  Et)  sin  ia 

i?/ =  2(i?,  -  i?,)  sin  i/J 

AK-V'     and     J£J  =  -^ 

sm» 

.-.  4(i?a  -  i?3)»  sin«  ia  +  4(i?,  -  i?,)«  sin'  i/?  =  i^  +  -.^-. 

sin  2' 

Dividing  by  2  and  putting  vers  a  =  2  sin*  ia  and  vers  fi  = 
2  sin«  i/S  (Tab.  II.  46) 

(iJ,  -  J2,)«  vers  «  +  (iJ,  -  i2i)«  vers  >5  =  i(»  +  ^^. 
But  by  eq  (57) 

(i?3  -  i?3)  vers  a  =  (iJa  -  BO  vera  /?  s  p        (172) 

.-.  p  (2R,  -  (i?,  +  i?x))=  JP  +  g|^i. 


From  (172) 


2i?.  =  (l?.  +  i?0  +  ^  +  -§^.  (178) 


vers  a  =  p   ^  p  ;  vers  /J  =  p  ^  p        (174) 


and  from  the  figure 

At  =  a  +  /5  (175) 

These  formuke  solve  the  problem  when  p  is  assumed.    If 
desirable  we  may  find  a  and  fi  independently  of  B9,  for  iq 
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the  triangle  AIB,  lAB  =  \a  and  IB  A  =  J/J;  and  since 
HK  ==  p  cot  i, 

cotl/J  =  ^  =  MiM  =  ^  +  cot.-  (177) 

n.  In  case  aor  fii6  assumed,  we  have  from  the  last  equa- 
tion 

^  ^  2(cot  ia  +  cot  i)  ~  2(cot  ifi  -  cot  *)  ^^''^^^ 


nL  In  case  the  radius  Bt  is  assumed,  theti  in  the  triangle 
OiOiOt  we  know  all  three  side^ ;  for  OiOt  =  (iJa  —  Bi), 

O^Ot  =  (A  -  i2i)>  and  OrO.  =  ^'""f' 

cost 

By  Trig.  (Table  H.  31.) 

«(«-  OiOaXs-  0,0,) 


veJ«  Aa  = 


0»OaX  OaOa 


I  In  which  «  =  ^  sum  of  the  three  sides. 

Substituting  values,  and  reducing,  observing  that, 

(-^-  l)  ( JL4.  i\  =  sec«  »  -  1  =  tan«  i 
and  that  {R^  —  Bi)  tan  i*  s=  l^  we  have 


In  the  same  triangle. 

flln  OtO\(h  =  sin  At 


0,0a 

O1O3 


But  f^otH  the  figtlre  OsOiOa  :^  e  —  fi,  and  taking  the  value 
of  Ox  0%  tt<m.  e<j.  (171). 
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•    /•      /t\      (i?a  — i?»)sin  A  a  sin  t  ..^. 

sin  (t  —  p)  =  ^ -J (loU> 

We  then  find  a  from  eq.  (175)  and  p  from  (173). 

The  angles  a  and  /?  may  be  found  otherwise,  for  by  Trig 
(Tab.  11.  27)  we  have  in  the  triangle  OiO,0« 

sin  i(0^0,0^  -  0,0,0a)  =  ^'%"^^'^'  cos  i  A, 
or 

sin  (90»  -  (»•  +  ^))  =  <^'  -  ^^^4'^  *^* 

.  •.  COS  It  H 2~^)  =  COS  t .  cos  iA2  (181) 

which  is  a  convenient  formula  when  i  and  As  are  not  too 
small.    Having  obtained  — ^r-^,  we  have 

a  =  iAa+^^^        fi  =  iA,^^^        (182) 


For  a  constant  value  of  I  the  ^s  the  difference  of  B9  —  Bi 
the  greater  will  be  the  value  of  the  angle  i.  When  Bs  =  Bu 
cot  1  =  0  and  *  =  90°  and  the  tangent  point  /  will  be  on  a  per- 
pendicular to  BA  drawn  through  the  middle  point  K;  and 
a  =  /?.  On  the  contrary,  as  (Bz  —  Bi)  increases,  i  becomes 
less,  and  the  foot,  H,  of  the  perpendicular  HI  moves  toward 
B,  the  tangent  point  of  the  curve  of  smaller  radius  Bi.  The 
distance  HK  =  p  cot  i.  The  connecting  curve  is  farthest 
from  the  tangent  BA  at  /.  To  find  the  ordinate  from  BA  to 
the  curve  at  any  other  point,  subtract  from  p  the  tangent 
offset  for  the  length  of  curve  from  /  to  the  ordinate  in  ques- 
tion. §115,  eq.  (39)  may  be  used  on  flat  curves  with  tolera- 
ble accuracy,  even  when  the  distance  equals  several  hundred 
feet. 

ly.  It  is  evident  that  in  this  problem  B%  must  be  greater 
than  either  Bi  or  Bi.    As  the  centre  Os  is  taken  nearer  the 
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line  Ox  O3,  Ru  grows  less,  and  is  a  minimum  when  Oa  falls  on 
the  line  O1O3.    In  this  case  we  have  Aa  =  180°,  and 

f  Ka  =  K-Ra  +  Bi  +OiOz);  a  miftimum.         (188) 

This  limit  must  be  regarded  in  assuming  the  value  of  ^2. 

Since 

OiOa  -  OaOs  =  (i?a  -  Bi)  -  (i?a  -  -Bs)  =  (-B»  -  Bi) 

a  constant  value,  independent  of  i?a,  we  infer  that  the  centre 
Oa  is  always  on  a  hyperbola  of  which  Oi  and  O3  are  the  foci; 
{Ri  —  jBi)  equals  the  diameter  on  the  axis  joining  the  foci; 
and  I  equals  the  diameter  at  right  angles  to  it,  for  in  the  tri- 
angle OiOOs, 


P=  OiO,   -  (Bz  -BxY  (184) 

Example. — Fig.  57. 


Given :              Bi 
Assume              p 
Eq.  (170)  Bz  -  Bi 

=  1432.69 
=      11.4    t 

477.39 

400. 

11.4 
27.64 

3508.77 
3342.77 

Bz  =  1910.08  and 
0  find  B^^a  and  fi. 

39*' 57' 34'    log 

39**  57'  34'      ** 
Zr  57'  34'      " 

(say)  3437.87 

T  00'     log 

6*^07'    log 
13"  07' 

Z  =  400. 

log  2.678873 
"    2.602060 

i 

cot  0.076813 

Eq.  (173)             » 

i 

P 

* 

P 

sin  9.807701 
sin^  9.615402 
log  1.056905 

**  1.441503 
"  4.602060 
"   1.056905 

* 
Bz  +  Bx 

"  3.545155 

Bi 

Eq.  (174)           p 
B2  —  Bs 

2)  6879.18 

3439.59 

11.4 
1527.79 

11.4 
2005.18 

(nearly) 

"  1.056905 
"  3.184064 

a 

P 
B%  —  Bi 

vers  7.872841 

log  1.056905 

*'   3.302153 

ft 

A  a 

vers  7.754752 
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{ 

Given:    Ri  ~  1482. 6&  Bt  =  1910.08,  and  Z  =  400. 

Assume  iJa  =  3437.87,  to  find  A.,  /5,  a  and  p. 
Eo.  (179)  2.  4og0.301030 

B^-Bi       2005.18  "  3.302153 

iJ,  -  jB,       1527.79  "  3.184064 

"  6.7«7247 
Jt  6.204120 


A,  13**0r22'     log  vers  8.416873 

Eq.  (170)  i?,-  Bx  477.39                                    log  g.678873 

*            I  400.                                          *^  2.60^060 

i  39"  57' 34'       log  CQt  0.076818 

Eq.  aSO)            i  39^  57'  34'        log  pin  9.807701 

^                   Aa  13**  07' 22'         "    *'  9.366099 

iJa  -  -B.  1527.79                                    log  3.184064 

log  sin  2.347864 

;  400.                                        log  2.602060 

f-/J  83^  50' 39'       log  sin  9.745804 

fi  6*  06'  65' 

Eq.  (175)            a  T  00'  27' 

Bq.  (17^)  i?«  -i?.  iQff  t  imm 

a  7'  00'  27'     log  vers  7.873309 

p  tlAt                                          1.0573.78 


•  ^ 


1TB«  Qf^n:  a  ^ree-rC&ntred  compound  curve  to  replace 
the  midclle  arc  by  an  arc  of  digwefiMi  rodto. 

X,  IfA^7»  ^A^  radius  of  the  mi&dh  arc  is  the  greatest. 
Fig.  57. 

First  find  the  length  and  direction  of  the  common  tangent 
4^-  l^et  Aa  =  central  angle  of  the  middle  arc,  R^  =  its 
radius,  and  Ri  and  R^  the  radii  of  the  other  arcs.  From  eq. 
(179). 

I  =  V%(R^  ^  Rj)  (iJa  -  Ri)  vers  Aa  (185) 

Then  fiu4  *  by  eq.  (170),  a  and  /3  by  eqs.  (181)  (182),  ^nd  p  by 
eq.  (172). 

For  the  new  arc  we  may  now  assun^e  a  new  value  for  p,  or 
for  i?a,  or  for  a.  Indicating  the  new  values  by  an  f^ccent,  if 
we  assume  p'  we  proceed  as  in  the  last  problem,  using  eqs. 
(173),  etc.  If  we  assume  -Ba,  wo  use  eq.  (179),  etc.  If  we 
assume  a',  we  use  eq,  (178). 
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II.  When  the  roMvs  of  the  middle  arc  is  the  least  of  the 
thv^e.     Fig.  58. 

In  this  case  the  middle  arc  is  within  the  other  two  pro- 
duced; and  for  the  same  values  of  RiE»  and  QiOt,  the  io^us 


of  the  centre  0,  is  the  opposite  branch  of  the  hyperbola  found 
in  §177.  When  the  centre  0,  falls  on  the  line  OiOi,  As  = 
180%  and 

A  =  Ki?«  +  i?i  —  OiOs),  a  maximum.        (186) 


Analogous  to  eq.  (185),  we  have 

I  =  V^M^"  Ei)  (jBa  -  Bi)  vers  Aa. 
which  gives  the  length  of  the  common  tangent  TZ, 


aST) 


We  theA  l^nvethe  vj^lueg  of  i  and  of  O1O3  by  eqs.  (170)  (171), 
and  of  a  and  fi  by  eqs.  (181)  (182),  and  analogous  to  eq.  (172), 

p  =  (i?i  —  jRa)  vers  a  =  (Rs—B^)  vers  fi        (188) 

in  which  p  ia  thf  perpei^dioular  disU^noe  JCThetw^en  parallel 
tangents. 

for  the  new  aire  we  paay  now  assume  a  new  value  for  p,  for 
Hi,  or  for  a.  Indicating  the  new  values  by  an  accent,  if  w© 
daaunifi  p',  w^  have,  aniilogQU9  to  eq.  (17S{) 
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and  from  eq.  (188) 

P'  ai  P' 

vers  a'  =  „  ^   p  ;  vers  fi'  =  p  ^   ^ 


(189) 


(190) 


If  we  assume  Ra',  we  have,  analogous  to  eq.  (179), 


vers  Aa'  = 


(191) 


2(2^1  -  i?a')  {Rz  -  ft') 
and  we  find  a  and  /?  by  eqs.  (181)  (182),  and  p'  by  eq.  /ISS). 

III.  WheTL  the  radius  of  the  middle  arc  has  an  interMiedi- 
ate  value,  compared  with  the  other  radii.    Fig.  59. 


Fig.  so. 


In  this  case,  whatever  be  the  value  of  -Ka,  we  have 

OaOa  +  OaOi  =  (ft  -  ft)  +  (i?a  -  Rx)  =  (ft  -  Ri) 

a  constant  value  independent  of  ft ;  hence  we  infer  that  the 
locvs  of  Oa  is  an  ellipse,  of  which  0\  and  Ot  are  the  foci,  and 
(i?8  —  R\)  equal  to  the  transverse  axis. 
Let  I  =  QQ'  =  the  conjugate  axis,  and  let  i  =  QO^Ox  = 

Produce  O^Q  to  G,  making  QG  =  0%Q,  and  join  OOx, 
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Then  by  similar  triangles  GOx  is  perpendicular  to  0x0^,  and 
GOx  =  l\  and  in  the  right-angled  triangle  QOtOx 

Oi  Oi  =  (Bi  -  Bx)  cos  i  =  I  cot »  (193) 

Analogous  to  eqs.  (185)  and  (187),  we  have 


I  =  V  2{Bt  -  iJa)  (i^a  -  iJi)  vers  A,  (194) 

which  may  also  be  derived  from  the  triangles  OxO^Oi  and 

Let  a  =  OaOaOi,  and  y5  =  OaOiO, 
Thea 

Bin  a  =  7^^  sin  As  =  7 tan i.  sm  Aa         (195) 

From  the  figure  /?  =  Aa  -  a  (196) 

In  the  diagram  produce  the  line  OjOi  and  it  will  intersect 
all  the  arcs.  At  the  points  Z  and  F,  where  it  cuts  the  inner 
and  outer  arcs,  draw  tangent  lines  perpendicular  to  OtOi. 
Draw  the  radius  Oil  parallel  to  O3O1,  and  the  tangent  line 
IL  at  /. 

Let  q  =  Zr&ndp  =  ZL  =  HI 

Then  by  the  theory  of  parallel  tangents,  §137,  the  point  /  is 
on  the  chord  FZ  produced,  and  it  is  also  on  the  chord  P'  Y; 
and  we  have 

p=zZL  =  {Bi-'  Bi)  vers  /?.  (197) 

q-p=z  LT={Bt  -  JBa)  vers  a  (198) 

and  g  equals  the  mm  of  these.  But  5' =  ZT  is  the  shortest 
distance  between  the  inner  and  outer  arcs,  and  has  a  constant 
value  independent  of  B^.  If  we  assume  B^  =  ^B^  +  Bi)  the 
centre  Oa  will  be  at  Q,  and  a  =  fi  =  »,and  p  =  iq.  Making 
these  substitutions  above, 

q  =  (Bt-  Bx)  vers  i.  (199) 

Also,  from  the  figure, 
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ZT:=^O.T-'  Oi^~  0x0%, 
or, 

q  =  Bz  -  El  -  OiO,.  (200) 

In  the  triangle  ZTYme  have  by  Geom.  Tab.  L  26, 

zp  ^iT^  +  zY^-  2zr(zr  -  zl) 

or 

ZT^  -  2zr.zL  =  /r»  -  z/« 

Now, 

£[P  =  4(A  -  i?i)«  sin*  i/(?  =  2(i2»  -  ^0'  vers  /J 

IT*  =  4(12,  -  2J,)»  sin'  ia  =  2(i2b  -  ij,)  vers  a 

Hence 

Z/»  =  2(^-iJi)l?  and  /r«  =  2(i2,- 12,)  (j  -  p) 

Substituting  these  values,  and  solving  for  p,  we  have 


Also 


^  =     B,^Bi--q    -  070\ ^^^^ 


B,^{IU-\q)'-p.^  (202) 


For  any  other  value  of  l?a,  we  have 


Hence 


12,'=(12. -i^)-l?'^ 


B^'  ^Ba  =  ^(p-p')  (aOS) 


which  gives  the  change  in  Kg  for  a  given  change  in  the  value 
of  p 

Observe  that  ae  p  diminishes  Rt  increases  and  vice  versa. 

Having  determined  the  value  of  Ua',  we  find  p'  by  substitut- 
ing Bt'  forUa  in  eq.  (201);  and  from  eqs.  (197)  (198)  we  have 

vers  fi'  =  ^;/rBl  <^^> 
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ind  the  change  in  the  points  of  compound  curvature  is  found 
^y  (/5  -  ft')  and  {a!  -  a). 

Bemark. — When  Ra  =  \{B%  +  fii),  Aa  =  2t,  a  minimum, 
md  the  long  chord  PP'  is  perpendicular  to  0x0%.  When  jBa 
is  greater  than  this,  a  is  greater  than  /?,  and  tice  versa,  What- 
5ver  be  the  value  of  i2a,  the  long  chord  PP'  always  cuts  the 
line  OiOs  produced  in  the  same  point  8,  at  a  distance  from  Zoi 

Z8  =  El  vers  i; 

or  from  Oi  of  0i8  =  Ri  cos  i. 

This  item  will  be  found  useful  in  solving  the  problem 
graphically. 

Example, 

Let  Bi  =    781.84    JDi  =  7°  20' 
*•     Ba  =  1376.40    i>a  =  4**  10'       A,  =  48^ 
"    B,  =  1910.08    Dz  =  8"  00' 
Jjet  p-p'=      11.30 
Eq.  (194)  2  log  0.801030 

B,  -  iJa        534.68  "  2.728094 

B^-  Bi        593.56  **  2.773465 

A  a  48**  log  vers  9.519657 

2)  5J22246 

I        458.27  log  2.661123 

(192)       Bt  -  i?i       1128.24  **  3.052402 

*  23°  57'  55'  log  sin  9!608721 


(193)  i  23°  57'  55'  log  cos  9. 960847 

jB.  -  Bi  log  3.052402 

OiOa       1030.98  log*  3.013249 

(195)      i^a  -  jB,  log  2.773465 

A  a  48°  log  sin  9.871073 

log  *  2J544538 


a  25°  19'  52'  log  sin  9. 631289 

(196)                  /?  22°  40'  08' 

(203)             OiOt  log  3.013249 

(200)                   q  97.26                                            1.987934 

^"-  1.025315 

p-p'  11.30               log  1.053078 

iJa'  -  En  119.78                "  2.078393 


Bj'      1495.18  (say)  1494  95  for  3°  50'  curve. 
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(201)  B,  -  U,'  -  i<7 
9 

366.50 

3457 
713.11 

62.69 
415.13 

6°  34'  .-. 

4°  45'  .-. 

P'J 
PP 

17** 

3r 

49'' 

*'"  z 

1 

55'       log 

54'      log 

49' 

=  218.89 
=    6477 

log  2.564074 
"  1.025315 

(197)     Bt'  -  ^i 

"  1.538759 
"  2.853157 

fi' 

vers  8.685602 

(198)            q  -p\ 
Bz  -  jB,' 

log  1.797198 
**  2.618184 

a' 

A,' 

a'  —  a  =z 

vers  9.179014 

The  practical  difficulty  in  changing  the  middle  arc  of  three 
centred  curves  lies  in  the  difference  of  measurement  that 
ensues.  Thus,  in  the  last  problem,  although  the  total  central 
angle  is  tliB  same,  the  new  curve  is  6.56  feet  shorter  than  the 
original,  making  a  fractional  station  at  P  ".  If  the  change  is 
made  during  the  location,  it  is  well  to  re-run  the  last  arc  from 
P'"  to  the  tangent  following,  so  as  to  eliminate  the  fractional 
station  from  the  curve. 
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CHAPTER  VII. 
Turnouts. 

179.  A  turnout  is  a  curved  track  by  which  a  car  may 
^ave  the  main  track  for  another.  At  the  point  where  the 
outer  rail  of  the  turnout  crosses  the  rail  of  the  main  track  a 
frog  is  introduced  which  allows  the  flanges  of  the  wheels  to 
pass  the  rails.  A  frog  consists  essentially  of  a  solid  block  of 
iron  or  steel  having  two  straight  channels  crossing  each  other 
on  the  upper  surface,  in  which  the  flanges  of 
the  wheels  pass. .  The  triangular  portion  of  the  •r^ 
upper  surface  formed  by  the  channels  is  called  \ 
the  tongue  of  the  frog,  and  the  angle  which  the  \ 
channels  make  with  each  other  is  called  \h&frog-  \ 
angle.    Every  railroad  is  provided  with  a  set  of  W 

frogs  of  different  angles,  from  which  may  be  p 

elected  one  best  adapted  to  any  particular  case.        fiq.  6a 

The  frogs  may  be  designated  by  their  angles, 
but  it  is  customary  to  designate  them  by  numbers  expressing 
the  ratio  of  the  bisecting  line  FG  of  the  tongue  to  the  base 
line  ah.  Fig.  60.     Observe  that  F  is  at  the  intersection  of  th6 
edges  produced,  and  not  at  the  blunt  point  of  the  tongue. 

In  the  triangle  aFG, 

FG 

•=.  cot  \  aFb 


aG 


and  if  we  let  n  =  the  number  of  the  frog,  and  F  =  the  frog 
angle,  then 

■ 

On  some  roads,  however,  the  frogs  are  numbered  arbitrarily, 
or  according  to  their  length  in  feet,  while  on  others  they  aro 
designated  by  letters  of  the  alphabet.  In  any  case  the  true 
number  (n)  of  a  frog  may  be  determined  by  the  above  for 
mula.  |k, 
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The  first  rail  of  the  turnout  is  common  to  both  tracks,  and 
is  called  the  switch-rail.  It  has  one  end  free,  so  as  to  be  shift- 
ed from  one  track  to  the  other  as  required;  the  free  end,  D 
(Fig.  61),  is  called  the  point  of  switch.  The  tangent  point  of 
the  turnout,  at  ^,  is  called  the  heel  of  switch,  and  the  distance, 
AD,  is  the  length  of  switch.  The  switch-rail  should  be  several 
feet  longer  than  AD,  and  the  excess  be  spiked  down  in  the 
line  of  tie  main  track  back  of  the  point  A.  Then  if  the  point 
D  is  thrown  over  to  meet  the  rail  of  the  turnout  at  K,  the  switch 
rail  is  sprung  into  an  arc,  wliich  coincides  with  the  arc  of  the 
turnout,  provided  that  the  length  of  switch  ^i>has  been  prop- 
erly taken.  The  distance  DK  through  which  the  point  moves 
is  called  the  throw  of  the  switch.  It  varies  on  different  roads 
from  4i  to  6  inches,  but  is  usually  made  about  5  inches,  or  0.42 
feet.  A  turnout  should  be  a  simple  curve  from  the  heel  of  the 
switch  to  the  point  of  the  frog. 

180.  Oivm:  a  main  track,  straight,  and  a  frog  angU  F,  to 
determine  the  distance  BF,  on  the  main  track  from  the  heel  of 
switch  to  paint  of  frog,  the  radius,  r,  of  the  centre  Une  of  the  turn- 
out, the  length  of  chord  af,  (md  the  proper  length  of  switch  AI>. 
Fig.  61. 


Fig.  61. 


(( 


t* 


a 


Let    0  be  the  centre  of  the  turnout. 

F  =  the  frog  angle,  HFI  =  FCB. 
g  =  the  gauge  of  track  AB, 
r  =  radius,  a(7  =  fC, 
**  DF  =  the  throw  of  switch. 

Then  the  radius  of  the  gauge  side  of  the  outer  rail  is  (r  + 
and  we  have 


or, 
whence 
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ABz=  FC.  YeTBFOB 

g  =  (r-\-^)  vers  P 


('•  +  ^^  =  ^  <«w> 


The  angle  AFB  =  ^F 

and         BF=  ABcotAFB  =  g.cotiF  (208) 

Again,  in  the  triangle  FCB 

BF=  FCsuxFCbL  (r  +  lg)  SIR  F  (209) 

i 

;  The  chord  afis  evidently 

af  =  2r  sin  ^F  (210) 

Similar  to  eq.  (307),  we  have 

BK         DK 


YeraACD  = 


^0  '^r  +  ig 


But  since  the  inside  rail  has  the  same  throw,  while  its  radius 
is  (r  —  ig\  we  may,  if  convenient,  drop  the  ^,  and  hence  the 
length  of  switch  is 

AB  =  r.  Bin  ACD  (211) 

The  degree  of  curve  corresponding  to  r  is  found  from  Table 
I IV.,  or  by  eq.  (17),  and  the  centre  line  of  the  turnout  may  be 

located  by  transit  deflections  from  the  tangent  point  a,  using 
j  chords  of  20  or  25  feet  +  the  correction  found  in  §§  106,  107; 

of  the  deflection  for  a  20-foot  chord  may  be  calculated  at  once 

by 

sin  (idio)  =  —  (212) 

181.  Simple  as  these  formulsB  are,  they  may  be  rendered 
still  more  convenient  by  introducing  the  number  of  the 
frogr,  n.  By  eq.  (206)  we  have  cot  ^F  =  2n,  which  substi- 
tuted in  eq.  (208)  gives 

BF  =  2gn  (213) 

Drawing  the  chord  ^2^  to  the  outer  rail, 


AF  =   VAB^  +  BF^  =gVl+4:n*  (214) 
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Make  BA'  =  AB  and  join  FA' ,  then  by  similar  triangles, 
^^'i^'and  AFC, 

AA  :  AF  ::  AF  :  FG 
whence 

^^        AA' 
or  (r  +  i^)  =  ^(l  +  4w^)  (215) 

whence  r  =  ^?i»  =  BF ,  n  (216) 

The  chord  a/ to  the  arc  of  the  centre  line  is  to  -4i?'as  r  is  to 

AF   r    ' 
(^  +  fe');  hence  af  =  — ttI""'  *°^  substituting  values  from 

^qs.  (214)  (215)  we  have 

2r 

«/  =     ,  -  (217) 

Issuming  that,  for  small  angles,  the  tangent  offsets  vary  as 
«.he  squares  of  their  distances  from  the  tangent  point,  which 
will  lead  to  no  material  error  in  this  case ; 

ABiBKi:  BF^ :  AD« 

Whence  AD=BFi/^^ 

y    AB  V         (218) 


or  AD  =  i/4n^g  .  BK  =    V2r  .  BK 

It  is  not  necessary  to  determine  the  degree  of  curve  in  order 
to  locate  the  turnout,  for  having  fixed  the  position  of  BF,  the 
position  of  «/is  found  by  laying  off  Ba,  and  F/,  each  equal  to 
^g.  Whatever  be  the  length  of  the  chord  af,  found  by  eq. 
(217)  or  (210),  its  middle  ordinate  is  always  ig,  and  the  ordin- 
nates  at  the  quarter  points,  ^  .  Ig  =  ^^g.  Thus  for  the  stan- 
dard gauge  of  4.708  the  middle  ordinate  is  1.177,  and  the  side 
T)rdinates  0.883. 

By  the  preceding  formulae  Table  XI.  has  been  calculated. 
Which  gives  the  required  parts  of  a  turnout  for  various  frogs 
When  the  gauge  is  4  feet  8^  inches  and  the  throw  5  inches; 
also  for  a  gaug|B  of  3  feet  and  throw  of  4  inches.  For  any 
other  throw,  only  AB  must  be  calculated.  For  a  different 
gauge  the  engineer  will  do  well  to  construct  a  similar  table, 
adapted  to  the  frogs  used  on  the  road. 
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In  the  table  the  frog  angle  is  given  to  seconds,  in  order  that 
the  results  may  agree,  whether  found  by  equations  in  §  180 
or  §181;  but  in  practice  the  nearest  minute  is  sufficiently 
exact.  The  frogs  most  used  for  single  turnouts  are  those 
from  No.  7  to  Ko.  9,  inclusive. 

182.  In  case  of  a  double  tnmont  from  the  same  switch 
liiree  frogs  are  required,  as  at  F]F'  and  F\  Fig.  62.,  and  the 


switch  is  called  a  three-throw  switch^  because  its  point  takes 

three  positions.     The  frogs  F  and  F'  are  usually  alike,  and 

placed  exactly  opposite  each  other  in  the  main  track.     The 

other  frog  F"  is  placed  on  the  centre  line  of  the  main  track. 

Its  angle  F"  and  its  distance  from  a  are  now  to  be  determined 

in  terms  of  F, 

Aa 
In  the  figure  we  have  vers  F"Ga  =  -^ttttv  or 


F"G 


vers  iF"  = 


Sf 


The  distance 

also 


2(/'+  iff) 
aF"  =  (r  +  \g)  sin  ^F" 
aF"  =  r  .  tan  \F" 


(319) 

(320) 
(221) 


All  the'  parts  of  the  turnout  required  to  locate  the  frogs  F 
and  F'  are  calculated  by  the  formulae  in  the  preceding  sec- 
tions, or  are  taken  from  Table  XI. 

If  we  let  n"  =  the  number  of  the  frog  F"y  then  by  eq.(206) 

an  \F"  =  -o-?r»  which  substituted  in  eq.  (221)  gives 


aF"  = 


2n" 


(223) 
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Also,  in  the  triangle  aF'G, 


aF'  =  V{r  +  ^)«  -  r«  =  Vg{r  +  ig)  (223) 

Equating  these  and  replacing  r  by  2gn},  we  obtain 


2»«  +i 


(224) 


If  we  neglect  the  i,  we  have 


(approx.) 


n 


w"  =  -11-  =  .  7071n 

V2 


Exam]^.—lt  F=  F'  =Q°  44',  or  w 
6.0  +  or  i?"  =  9°  33'. 


=  n'  = 


(225) 
8.5,  then  n'  -. 


183.  /»  case  no  frog  is  at  hand  of  the  angle  or  number  given 
by  eq.  (219)  or  (225),  we  may  select  one  as  nearly  like  it  as  pos- 
sible, and  locate  the  turnout  as  a  compound  curve,  pro- 
vided that  jF'  is  less  than  2F,    Fig.  63. 
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Let  r'  =  Ca,  and  r  =  r'  =  QT  =  Cf 
Then  analogous  to  the  equations  of  §  180, 


vers  ^F" 


•     •    /         •"• 


(226) 


(227) 


exsec  \F" 
aF"  =  (r"  +  ^)  sin  \F"  =  r"  tan  iiJ»"        (228) 
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The  length  of  the  switch,  by  eq.  (218),  is 


AD=  V2r"  DK 

The  curvature  of  the  rail  between  the  frogs  F"  and  F  is 
F"CF  =  (F  -  \F"), 
Draw  the  chord  -F"i^and  the  perpendicular  F"L;  then  the 

angle  LFF"  =  F  -  \(F  -  \F")  ±=  i(i^  +  \F");  and  since 
LF"  =  fer, 

•  *•  ^"^  =  sini(2^+ii^")  ^^^^ 

LF=ig,  cot  i(F  +  iF")  (230) 

(^  +  ^^)  =  sini?JlV)  ^'^ 


Eitample.— Let  i^  =  B**  44'    ii'^"  =  10°  24' 

Eq.  (326)  fer       2.854  log  0.371806 

iF"  5°  12'    log  exs  7.616224 

r"    569.616 
Eq.  (228)  W 

aF"      51.839 

Eq.  (229)  ig        2.354 

Ki5^+ii^") 

F"F     22.645 
Eq.  (231)K^-ii?"') 

2(^  +  iff)  1692.432  8.228511 

.-.  r    843.862 

When  n"  >  .  707/^,  r  will  be  less  than  r".  Should  F '  not 
equal  F,  (F"  being-given),  then  r'  and  Z'i^^'must  be  calculated 
also,  by  substituting  F'  for  i^'in  eqs.  (230)  and  (231). 


5M2' 

2.755582 
log  tan  8.959075 

1.714657 

5"  58' 

log  0.371806 
log  sin  9.016824 

0°46' 

1.354982 
log  sin  8.126471 

:•  From  the  same  sioitch  in  a  straight  track  it  is  required 
to  lay  two  turnouts  on  the  same  side.    Fig.  64. 

If  we  assume  F'  =  F,  and  that  these  two  frogs  shall  be 
opposite  each  other,  we  calculate  all  the  distances  of  the  first 
turnout  for  the  angle  F  (or  number  n)  by  §  180, 181,  whence 
we  liave  the  radius  r  =  Ca. 
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Let  r'  =  G'tty  the  radius  of  the  centre  line  of  the  second 
turnout.  The  angle  ACF  =  F,  and  since  F'  =  F,  the  angle 
CF'C  =  F,  and  the  triangle  CFC  is  isosceles,  and  C'F'  = 
C'C,    But  G'F'  =  G'A  =  iCA, 


or 


•  • 


(233) 
(283) 


To  calculate  the  remaining  frog  at  F",  we  have  from  eq. 
(307) 


vers  F"  =     ,   f  , 


or  from  eq.  (316) 


BF'  =  (r'  -\-  ^)  sin  F  =  2gn' 
af"  =  2r'  sin  ^F"  =  ^'     - 


(334) 

(235) 
(336) 
(337) 


and  since  AG'F'  =  37^, 


«/'  =  3r'  sin  iJ^ 


(238) 


The  length  of  switch  may  be  calculated  by  either  r  or  r', 
since  for  r',  which  is  about  ^r,  the  throw  of  switch  is  double, 
thus  giving  practically  identical  results. 

If  we  compare  th«  values  of  F"  as  obtained  by  eqs.  (234) 
and  (219),  we  shall  find  them  almost  identical  for  given  values 
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of  i'' and  g\  and  since  this  may  also  be  proved  analytically  by 
assuming  that  vers  ^F"  =  ^  vers  F\  which  is  very  nearly 
trae  for  ordinary  values  of  F\  we  conclude  that  a  set  of  frogs 
(F=  F\  and  F')  which  is  adapted  to  a  double  turnout  in 
opposite  directions  from  a  straight  line  (as  in  Fig.  62)  is  also 
adapted  to  a  double  turnout  on  one  side  (as  in  Fig.  64),  the 
curves  being  simple  curves  in  every  case.  But  this  being 
true,  the  set  is  also  adapted  to  a  double  turnout  in  opposite 
directions  from  any  curved  track  the  radius  of  which  is  not 
less  than  r  as  given  for  F,  since  any  such  case  is  intermediate 
between  the  two  cases  named.  When,  therefore,  a  certain 
frog,  F,  is  adopted  for  general  use  on  any  road,  another  frog 
should  also  be  adopted,  whose  angle,  F ",  is  determined  by 
eq.  (219),  or  whose  number  n  is  determined  by  eq.  (225). 
Thus,  if  i^  =  6°  44',  or  7i  =  8i,  then  F"  should  be  9°  32',  or 
ft' =  6. 


185.  In  case  no  frog  is  at  hand  of  tJie  angle  or  number  given 
ly  eqs.  (234)  (235),  we  may  select  one  as  near  the  same  angle 
as  possible,  and,  calling  this  F\  calculate  the  distance  BF' 
and  the  radius  CF"  (Fig.  65)  as  for  a  single  turnout;  §  180. 


C"K 

Fio.  65. 


Then  assuming  any  other  frog  F\  whether  equal  to  J^  or  not, 
it  is  required  to  find  the  chord  F''F',  and  the  radius  G'F'  of 
the  arc  F"F'.  The  point  F'  may  fall  either  side  of  the  radius 
CF,  according  to  the  values  given  to  F"  and  F'. 

a.  In  case  F'  falls  beyond  the  radius  GF,  we  will  assume 
first,  that  the  entire  rail  from  B  to  F'  is  laid  with  ths  same 
radius  BC,  and  centre  G.  (This  investigation  also  applies  to 
the  case  when  F'  falls  between  B  and  the  line  GF) 

In  the  diagram  (Fig.  65)  draw  GF".    We  then  have 
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J^TP"  "RIP" 

^BCF"  =  ^  =  ^  (238) 

and 

GF"  =  (r  -  fer)  exsec  BCF"  (240) 

In  the  triangle  F"CF', 

F"C  -  F'C  :  F"C  +  F'C  ;:  tan  i{F"F'0-  F'F"C) 

:  cot  F"CF' 
Now,  since  C'F'C  =  F\  and  BC'F"  =  F", 

.-,  F"F'C=  F"F'C'  +  F' 
and 

F'F"G  =  F'F"C"  -  G"F"G=:  F"F'C'  -  (J?"'  -  jB(7i^"(' 
Letting  tT  =  C"i^"C7  =  {F"  -  5Ci?"') 

and  subtracting,  we  have 

F"F'C  -  J^^'i^^''^  -  F'  -\-U 
Hence  the  above  proportion  may  be  written 

OF"  :  WC-\-  GF"  ;:  tan  HF'  +  U) :  cot  \F'CF' 
whence 

cot  ii?' "C75^'  =  -^^^^  tan  «i?"  +  ?7)         (241) 

(Since  PCT^"  +  iJ^'CiP"  =  5Ci?",  and  we  know  the  radius 
BQy  the  chord  or  arc  BF'  is  easily  obtained,  which  fixes  thej 
position  of  the  frog  F'  \  and  the  problem  may  end  here, 
frequently,  in  practice.) 

Now  in  the  same  triangle  F"GF\  t?ie  hilf  mm  of  F"  F  C 
and  F'F"G  is  90°  -  ^F"GF';  while,  as  we  have  just  seen,j 
the  TuUf  difference  is  V<P'  +  CT);  and  by  subtracting  we  have 

the  less,  or 

I 

F'F'G  =  90''  -^F'  +U+  F"GF')  (243) 

Now  F"F"  =  ly^^-Il'-^^ 

^^^  ^   ^    -      smF'F"G 

W"W-        BG.smF'GF' 
^"^  ^  ^  -  ^^^FTU+F"GF')  ^^^ 
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To  find  the  angle  F"C'F' ;  produce  the  line  F'O'  in  the  dia- 
gram to  intersect  the  line  BC  at  K,  Then  the  two  triangles 
KG"G'  and  KGF'  have  the  angle  -fiT common,  and  the  sum  of 
the  other  angles  will  be  equal ;  that  is, 

KC'C  +  C'C'K  =  KGF'  +  GF'K 

or  F"  +  F"G'F'  =  BGF'  +  F' 

and  since  BGF'  =  BGF'  +  F"GF' 

. •.  F"G'F'  =  F"GF'  +  F'  --  U  (244) 

K  we  denote  the  radius  F'G'  hyr'  -{-  ^ 


__       \F"F' 
^  +  ^  "^  sini2^"C"i^'  ^^^^ 

.Ecampfe.— Given:  the  three  frogs  iJ^  =  6°  48'  59',  F'  = 
6°  01'  32",  and  i^'  =  8°  47'  51'  to  lay  a  double  turnout  on  one 
side  of  a  straight  track.    Fig.  65. 

By  Tab.  XL  BF  =  80.036    r   =  680.306  AD  =  23.83 
BF"  =  61.204    r"  =  397.826 

Eq.  (239)               BF"      61.204  log  1.786779 

(r-i(/)    677.952  "    2.831199 

BGF'  5"  09'  38"        log  tan  a955580 


Eq.  (340)  BGF"  5°  09'  38'    log  exsec  7.609587 

(r  -  \9)    677.952  log  2.831199 

QF'        2.760  "    0.440786 


Eq.  (241)  (WG+  OF")  1358.664  **    3.133112 

(Cr=8°88'13')  2.692326 

^F'  +  U)                  4°  49'  52'.  5  log  tan  8.926968 

i(F"GF')                  V  22'  35'  "   cot  1.619294 


Eq.  (248)           F"GF'  2°  45' 10"         "   sin  8.681481 

r-^  677.952                                      2.831199 

1.513680 

i{F' +  U+ F" GF')  6''12'27'.5  .  *'   cos  9.997446 

F"F'  32.752                                       11515234 

Eq.  (245)       iF"G'F'  2°34'14'.5      "   sm  8.651781 

2(/  +  fe')  730.319                                       2.863453 

r'  363.755 
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b.  We  €M8ume,  secondly,  thcU  the  middle  track  is  straight 
beyond  F,  and  tangent  to  the  curve  at  F,    Fig.  66. 

Then  whenever  the  value  of  F"  is  less  than  that  given  by 
eq.  (234),  the  arc  AF\  produced  with  the  same  radius  AG", 
will  intersect  the  straight  rail  HF'  at  some  point  F',  and  the 
frog  angles  Ftrnd  F'  will  be  equal. 


Fio.  66. 

For  the  straight  rail  HF'  produced  backwards,  passes 
through  the  point  A,  making  an  angle  F  with  the  main 
track,  since  the  triangles  CBF  and  CHA  are  equal,  and  AH 
^=  BF.  Now  any  circle,  tangent  to  the  main  rail  at  A, 
will  intersect  the  hne  AHin  some  point  F\  and  since  AF'  is 
the  chord  of  the  arc,  the  angle  at  F'  equals  the  angle  at  A, 
which  is  F    Hence  F=  F'\  and  the  angle  ACF'  =  2F. 

The  length  of  the  chord  AF'  is 


AF'  =  ^AC  sin  F 


The  chord  F'F'  -^F'C  sin  ^F'O'F') 


(246) 


^^AC  ^in^^Fr-  F') 

Hence,  F'F'  =  2{r'  +  ^)  sin(i^-  iF')  (247) 

Example.'-Let  F'  =  F  =    6°  43'  59"  and  F"  =  8°  47'  51' 

By  Table  XI.      r"  =  397.826 

Eq.(247)  ^ir"  +  fer)  =  800.360  log  2.903286 

F  -^F"  2*'  20'  03'.5        log  sin  8.609915 


F''F' 


32.60 


1.613200 


If  the  frog  F'  is  required  to  be  different  from  F,  then  the 
inside  curve  must  be  compounded  at  F",  giving  other  values 
to  the  length  and  radius  of  the  arc  F'F', 
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c.  We  aseume,  thirdly,  that  the  curve  of  the  middle  track  is 
ret&rted  at  F.    Fig.  67. 

In  the  diagram,  let  Q  be  the  centre  of  the  reversed  portton, 
and  F'  the  proper  position  of  the  frog  F',  and  C  the  centre 
of  the  required  arc  F"F',  Then  Q  is  on  the  radial  line  CF, 
produced,  and  C  is  on  the  radial  line  F"C"  produced.  Join 
FQ  Bad  F'Q,  and  produce  0"F"  to  intersect  these  lines  in  L 
sad  M  respectively.  Also  join  F"Q,  and  denote  the  angle 
LF-'Q  by  Pand  the  angle  F'QF"  by  Q. 


In  the  triangle  FT'^Q  we  know  F"F=  BF-  BF",  and  the 
aide  FQ  is  given;  and  the  included  angle  F"FQ  =  W°  +  F. 
Hence  we  may  calculate  (Tab.  II.  25)  the  angle  F"QF  and  the 
side  F"Q. 

The  triangle  CO  "L  gives  the  angle  at  i  =  P"  -  F ;  and  the 
triangle  F'LQ  gives  LF'Q  =  L-  F"QF 

.-.    U^  F"  -  F-  F"QF  (248) 

In  the  triangle  F'QF"  we  have 

JPQ  -  F-Q  ;  FQ  -]-  F"Q  ::  tan  i{F-F"Q  -  F"F'Q) 
■.cai\{,F-QF-) 
But  F'F"Q  =  F'F-'L  +  Fand  F"WQ  =  F'F'N -  F-,  and 
iince  F"F'lf  =  F'F"L,  we  have  by  subtraction, 

F'F-Q  -  F-F'Q  =  U+  F- 
Hence         cotiQ  =  ^-r^^:^,^ism  kW -\-F-)       (249) 
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(Now  the  angle  FQF'  =  Q-  F"QF,  and  is  subtended  by  the 
chord  UF\  which  is  therefore  easily  found,  and  serves  to 
locate  the  frog  F',  and  frequently  this  is  all  that  will  be 
required.) 

In  the  triangle  F"QF',  the  half  sum  of  QF'F'  and  QF'F' 
is  OO**  —  iQ,  while,  as  we  have  just  seen,  the  half  difference  is 
i(U-\-  F');  hence  by  adding,  we  have  the  greater,  or 

QF'F'  =  90**+  i{U+  F'  -  Q) 

■•■  ^"^' =  ^'^  cos  aU+F'-Q)  (250) 

The  triangle  G'F'M  gives  F"G'F'  =  F'  ^  M,  while  the 
triangle  F'MQ  gives  M=  U  +  Q;  hence  F"C'F'  =  F'  - 
(ir+  C);  and  denoting  the  radius  G  'F'  by  r'  -\.\g. 

Example.— IjQi  F  =  F'  =  6"  43'  59',  F"  =  S"  47'  51',  and 
FQ  =  953.012.  Then  by  Tab.  XL,  BF  =  80.036  and  BF'  = 
61.204;  hence  F"F  =  18.832;  and  the  included  angle  is 
96^  43'  59". 

.  Solving  the  triangle  FF"Q  we  find  F"QF  =  V  07'  18", 
FF"Q  =  82°  08'  43',  and  F'Q  =  955.402.  Now  F'Q  = 
FQ  +  g  =  967.720. 

(249)    FO  +  F'Q    1913.122  log  3.281743 

F'Q- F'Q         2.318  '*  0.365113 


HU+F') 

(UO^m^^")             "   2.916630 
3°  50'  16".5  log  tan  8.826231 

1"  02  08".4    "  cot  1.742861 

<S50)                    Q 
UU+F'-Q) 

2*'  04'  16'.  8    "  sin  8.558033 
2°  48'  08M     "  cos  9.999480 

F'Q 

'                      F"TP' 
(251)  y,F*  -  U^  Q) 

8.558553 
957.720                                  log  2.981239 

34.633                                        1.539892 
l°5r34M  log  sin  8.511191 

W  +  \9)    1068.32  3.028701 

t'      531.81 
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180.  Given:  a  main  track,  eurved,  and  a  frog-angle  F,  U 
locate  a  turnout  on  the  inside  of  the  curve.    Fig.  68. 

Let  B  =  Oa     =  radius  of  main  track. 

'*    r  =  Ca     =  radius  of  turnout. 

'*    F=  CFO  =  the  frog  angle. 

In  the  diagram  draw  the  chord  ^2^  and  produce  it  to  inter- 
sect the  outer  rail  at  G;  and  draw  FO  and  GO.  Since  the 
chords  AF  and  AG  coincide,    and  the  radii  AC  and  AO 


y 


coincide,  the  chords  subtend  equal  angles  at  C  and  0  respec- 
tively, and  GO  is  parallel  to  FC.    (See  §137.)    Hence,  FOG 
.  =  CFO  =  F.    Let  Q  =  the  angle  FOA. 

In  the  triangle  FOA,  B  =  GFO  -  FAO  =  GFO  -  FGO; 
and  in  the  triangle  GFO,  G0+  FO  :  GO  -  FO  ::  tan  Ji{GFO 
+  F'GO)  :  tan  ^GFO  -  FGO),  ot2E  :  g  ::  cot  ^F  :  tan  ^B 

,\  tm^  =  :^cotiF=^  (252) 

In  the  triangle  GFO, 

(r  +  ig)  =  iB-ig)^^^^  (863) 

In  the  triangle  BOF, 

BF  =  2(i?'-  ig)  sin  iO  (254) 

In  the  triangle  aCf, 

af-%r  sin  K^+  ©)  (265) 
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The  length  of  moitch  AD,  for  a  given  throw  DJT,  may  be 
found  thus:  from  Table  lY.  take  the  tangent  oftsets,  t  and  t, 
corresponding  to  B  and  r  respectively,  and  assuming  that  the 
oftsets  may  vary  as  the  squai'es  of  their  distances  from  the 
tangent  point,  we  have 

t-t'  :  DK::  (100)«  :  AZ>« 


.'-^AJ)=  ,/iOOOO^Pg  (266) 

This  result  is  practically  the  same  as  that  found  for  length 
of  switch  in  a  turnout  from  a  straight  Une  with  the  same  frog, 
when  B  is  large. 

J5MW»pfo.— Let  B  =  1432.69  and  1^  =  6**  43'  69*. 

Eq.  (252)       ig         2.354  log  0.371806 

iF  3°  21'  59'.5        log  cot  1.230440 


« (Tab.  IV.) 

1'  36'  69'.8 

3°  11'  59'.6 
9°  56'  68'.6 

1**  35'  59'.8 
4°  57'  69'.8 

log  1.602246 
"  3.166151 

i6 

Eq.(364)         9 

log  tan  8.446095 

**  sin  8.746786 
"    "  9.236778 

1 

5-i^    1430.836 

9.610008 
8.155438 

r  +  ^     462.856 
r     460.602 
(264)                2 

(B  —  ig)    1430.336 

2.665446 

log  0.301030 

"  3.155438 

log  sin  8.445924 

BF       79.872 
(265)               2r      921.004 

log  1.902399 

•*  2.964263 

log  sin  8.937381 

af       79.734  log  1.901643 

The  values  of  BF  and  af  are  found  to  be  so  nearly  identical 
in  this  case  with  those  determined  in  case  of  a  turnout  from  a 
straight  line,  that  the  values  given  in  Table  XI  may  be  used 
at  once  for  ordinary  values  of  5^  and  the  degree  ofcurm  of  the 
turnout  in  this  problem  is  approximately  the  »um  of  the  degree 
of  curve  of  the  main  track  and  the  degree  of  curve  given  in 
Table  XI.  opposite  F,  Thus,  in  the  example  4°  +  8°  26'  = 
12"  26'  .-.  r=  461.7  nearly. 
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187*  Qnen:  a  main  tretck,  curted,  and  a  frog-angle  F,  to 
locate  a  turnout  on  the  outside  of  the  curve.    Fig.  69. 

In  the  diagram  draw  the  chord  AF,  and  produce  it  to  meet 
the  inner  rail  at  G;  and  draw  FO  and  GO.  The  triangles 
CAF  and  OAG  are  both  isosceles,  and  have  the  angles  at  A 
equal;  hence  they  are  similar,  and  FGA  =  AOG,  Hence 
FOG  =  HFO  =  F.    Let  JJ  =;  Oa,  r  ==  (7a,  and  0  =  JS'OA, 


Q 


Fig.  09. 


In  the  triangle  FOA,  e  =  OAG  -  AFO  ^FGO  -  GFO; 
and  in  the  triangle  FOG;   FO  +  GO  :  FO  -  GO  ::  tan 
\{FGO  +  GFO) :  tan  ^FGO  -  GFO\  or  2B   :  g  ::  cot  iF 
:  taniO 


.-.  tani6  =  2^cotii^=^ 

which  is  identical  with  (252). 
In  the  triangle  CFO 

In  the  triangle  BOF, 

BF=2(B  +  ^)BmiB 

In  the  triangle  a  Qf, 

d/  =  2r .  sin  ^{F^  B) 

For  a  given  throw,  the  length  of  switch  will  be 


(267) 


AD 


10000  D^ 


•\-t 


(268) 

(250) 
(260) 

(261) 
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in  which  t  and  t'  are  the  tangent  offsets  (Tab.  IV.)  corre- 
sponding to  R  and  r. 

In  this  problem,  as  in  the  preceding,  we  may,  for  ordinary 
values  of  jK,  assume  the  values  for  ^i^and  of  given  in  Tab.  XI. 
The  degree  of  curve  of  this  turnout  is,  approximately ^  d  —  D, 
taking  d  from  Tab.  XI.  and  D  from  Tab.  IV.  corresponding 
to  B.    Should  D  =z  dy  this  turnout  becomes  a  straight  line; 


A]mB 


Fio.  70. 

and  when  D  >  ef,  or  when  B  is  less  than  r  given  in  Tab.  XI., 
the  centre  falls  on  the  Same  side  as  0.  Fig.  70.  In  this  case, 
using  the  same  notation,  \B  is  given  by  eq.  (257). 

(.-^)  =  (iJ  +  i^)^-j^|^  (262) 

Eq.  (259)  BF  =  2(2?  +  \g)  sin  ^ 

af=2r%m\{B-F)  (263) 

188.  A  tongue-switch  is  a  short,  stiff  switch  which, 
when  moved,  revolves  at  the  heel  as  on  a  pivot.  When  it  is 
thrown  over  to  the  turnout  track,  it  makes  an  abiiipt  angle 
with  the  main  track,  called  the  switch  angle;  but  in  this  posi- 
tion it  should  be  tangent  to  the  turnout  curve.  The  use  of 
this  switch  is  generally  confined  to  yards  and  warehouses, 
where  but  little  space  can  be  afforded,  and  where  the  motion 
of  the  cars  is  always  slow. 

189.  Ovoen:  a  straight  tracks  a  frog-angle  F,  and  the  length 
and  throw  of  a  tongue-switch,  to  locate  the  turnouL 
Fig.  71. 
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Let  AD  be  the  length,  and  DK  the  throw  of  switch,  and  let 
S  denote  the  switch-angle  DAK. 


Then         sin  8  =  ^^  or  /S"  =  57°.3  —ft^ 

AD  AD 


(264) 


(Compare  §86.) 

Let  C  be  the  centre  of  the  required  turnout,  and  in  the  dia- 
gram draw  GK  and  GF\  also  draw  DG  perpendicular  to  the 
straight  track.  Then  DGF  =  F\  and  in  the  triangle  KGGy 
KGF  =  KGF  -  GKG,  and  since  GKA  is  a  right-angle,  GKG 
T^8  .'.  KGF^F--  8: 

Draw  the  chord  KFy  and  since  the  triangle  KGF  ia  isosceles, 
the  angle  GFK  =W  -  ^(F  -  8).  Now,  GFI  =  90°  -  i^; 
hence  by  subtraction,  KFI  =  K^+  8), 


Fio.  71. 


If  g  denote  the  gauge,  we  know  KI  =  ^  —  DK;  and  in  the 
right-angled  triangle  KIF,  we  have 


IF=:KI.  cot  i{F+ 8) 

KI 


KF  = 


sini(F+8) 


(265) 
(266) 


r  +  ig  = 


\KF 


sin  \{F  -  8) 
These  equations  are  analogous  to  eqs.  (229)  (290)  (231). 


(267) 


190.  Given:  a  double  turnout  vnth  tongue- 
STFitcb,  from  a  straight  track;  to  find  the  angle,  F\  of  the 
middle  frog. 

Assuming  F'  =F  calculate  (r  +  ig)  by  the  last  equations. 
Since  the  rails  of  the  turnouts  intersect  on  the  centre  line  o^ 
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the  straight  track,  as  in  Fig  63;  if  we  substitute  the  value  of 
F'  F,  eq.  (229)  in  eq.  (231),  we  have 

{r  +  \g)-  2  sin  K^+ii^")  sin  \{F  -  iF') 


and  by  Trig.  Table  II. 


^ 


^  +  ^  -  cos^F'  -coaF 


U 


(268) 


whence  cos  ^i?"  =  cos  i^'^-  ,   _l  i^) 

If  the  angle  of  the  middle  frog  to  be  used  does  not  agree 
with  F"  found  by  the  last  equation,  the  turnout  will  be  conai- 
pounded  at  i^". 

191.  Given :  a  straight  track,  tJie  frog-angles  F,  F'  and  F\ 
and  the  switch  angle  S,  to  locate  a  double  turnout* 
Fig.  72. 
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Assuming  that  F'  shall  be  placed  on  the  centre  line  of 
the  straight  track,  let  h  be  a  point  on  the  centre  line  at  the 
point  of  switch.  Then  hK  =  ^  —  DK;  and  since  the  angle 
F'  is  bisected  by  the  centre  line  the  necessary  formulae  in  this 
case  are  obtained  from  §189  by  simply  replacing  Fhy^F' 
and  Klhj  hK;  and  in  the  first  members  IFhy  hF'  and  r  by 
r\    This  is  obvious  by  the  similarity  of  the  figures. 
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hF- =  hK .  cot  UiF' +  S) 


jKF' 
Q  HiF-  - 


(369) 
(370) 


The  location  of  the  remaining  froga  ia  a  problem  already 
discussed,  §  183,  eq.  (32B),  etc. 

102.  Oiten:  a  etraight  track,  (he  frog  anglei  F,  F',  F',  and 
the  swltcb  angle  S.  to  loeaiea  double  turnout  ou  one 
side.    Fig.  78. 


The  frog  J'is  located  by  §189;  but  for  the  fn^  ?"  ve  liave 
evidently  a  double  throw;  hence  eqs.  (S65)  (366)  (367)  become 


=  (s-  3i)ff)  cot  HP-  +  as> 

g~2DK 

'-   Bmi<Ji"  +  8S) 


lin 
a.  The  middle  track  reversed  beyond  F. 

We  find  the  distance  F'Fby  subtracting  IF',  cq.  (372)  from 
IF,  eq.  (365):  after  which  the  solution  la  Identical  with  that 
given§185,  c..  Fig.  67. 
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b.  The  itiiddle  track  compounded  at  F. 

Let  Q  be  the  centre  of  the  curve  beyond  F,  and  also  let  Q  = 

the  angle  F'QF";  and  let  U  =  the  angle  CF'Q. 

Then  by  a  course  of  reasoning  analogous  to  that  of  case  a, 

we  derive 

Uz^F"  -  F+F'QF  (375) 

cot  iQ  =  ^[^1^.!^  tan  KU+  F')         (276) 

Now  since  the  radius  F'Q  is  given,  and  the  angle  FQF'  = 
Q  —  FQF\  we  readily  determine  the  distance  HF',-  and  so 
locate  the  frog  F'. 

In  the  triangle  F'QF\  the  half  sum  of  QF'F'  and  QF'F' 
is  90°  —  iC»  while  the  half  difference  is  KC^+  F);  hence  by 
subtraction  we  have  the  less,  or 

F'F'Q  =  90°  -UU+F'  +  Q) 
Hence  F'F'  =  F'Q  ^^^^1%,^^^  (277) 

Join  G'Q,  and  the  quadrilateral  C'QF'F'  gives 

F'  +  Q=  U+P'C'F' 

hence  F'C'F'  =  F'  —  U+  Q\  and  denoting  the  radius  C'F 
by  t'  +  \g,  we  have 

Cor.  Since  the  centre  Q  is  assumed  at  pleasure,  it  may  be 
made  to  coincide  with  the  centre  0,  and  then  the  compound 
curve  becomes  a  simple  curve.  Then  also,  the  above  formulae 
will  apply  when  F'  is  such  that  the  frog  will  come  on  the  arc 
IH.  But  as  FQF"  will  be  greater  than  Q,  the  diiference 
FQF'  will  be  negative^  indicating  that  the  distance  HF'  is  to 
be  laid  off  backwards  from  H. 

c.  The  iHiddle  track  straigrht  beyond  F,  and  tan- 
gent  to  the  curve  at  F.     Fig.  74. 

Let  F'  be  the  required  position  of  the  frog  F',  A  tangent 
to  the  curve  at  F'  makes  an  angle  iJF'  ■\'F)  with  the  main 
track,  and  a  tangent  at  F'  makes  an  angle  of  F"  with  the 
same ;   hence    the    angle    they   make   with   each   other    is 
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^F•^F^  p*),  and  lliia  ia  the  curvature  ot  the  arc  F'F', 
and  equals  the  angle  F'O'F'. 

Produce  the  straight  lioe  P'iT  backwards  to  O,  aod  draw 
F'G  perpendicular  to  it.    Then  F'O  =  FE-  F'F.  ain  F,  or 


F-a  =  g-F-F.BiaF 


&m' 


In  the  right-angled  triangle  F'GF',  the  angle  F'F'&  = 
r  -  ^F'  +P-  F")  =  HF'  +  F--F). 


F'F'  =  -T 


F-0 


'  ain  HF'  +  F' —  F) 
and  OF'  =  F'F'  .  coa  HF'  +  F' -  F) 

Observe  that  GF'  cannot  be  less  than  03=  FF.  a 


103.  OtBCTi .'  o  turnout  vnlh  a  frog  angle  F,  and  the  perpen. 
4icuiar  dutemee  p  between  the  centre  Une»  of  the  main  and  tide 


U-aek»;  to  find  the  radiun  Ti:fthe  curve  connecting  tbe 
turnout  with  tlie  side  track.    Fig.  76. 
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Let  the  reversing  point  be  taken  at  F,  and  let  Q  on  CF' pro- 
duced be  the  centre  of  the  required  curve,  and  draw  QM  per- 
pendicular to  the  main  track.  Then  QM=  QF=  r  —  ig;  the 
point  if  is  the  point  of  tangent,  and  the  angle  FQM=  F. 
.Now-^being  the  intersection  of  the  rail  JJi^'with  the  radius 
QM,  we  have  MIf=  QFybts    F,  but  MN=^p  -  g;  hence 

r-.ig  =  JLzff  (282) 

^     versi^  ^      ^ 

The  distance  i^iVis  evidently 

JW=(r-^)sin>        .  (283) 

and  the  chord  to  the  centre  line  is 

fm  =  27«  sin  iF  (284) 

Should  the  distance  FN  consume  too  much  of  the  track,  it  may 
be  lessened  by  introducing  a  short  tangent  at  F,  denoted,  by  k; 
then  by  eq.  (48)  the  radius  wiU  be  shortened  by  an  amount 
equal  to  k.  cot  ^F,  and  the  distance  FN  will  be  shortened  by  k. 

Since  the  tangent  k  reduces  the  length  of  the  tangent  offset 
of  the  entire  curve  hy  k  ,  sin  F,  we  have  for  the  new  radius  r' 

^  YeraF  ^       ' 

When  r'  is  fixed  by  a  limit,  we  obtain  k  by  resolving  eq.  (285) 

Sin  J^  ^       ^ 

In  case  the  main  track  is  but  slighUy  curved,  we  may  at  first 
assume  it  to  be  straight,  and  find  r  as  above,  eq.  (282),  and 
the  degree  of  curve  corresponding  to  r;  but  this  degree  of 
curve  must  then  be  increased  or  diminished  by  the  degree  of 
curve  of  the  main  track,  according  as  the  track  is  concave  or 
convex  toward  Q. 

194.  Qiven :  the  perpendmila/r  distance  p  between  the  een^e 
lines  of  a  curved  main  track  and  a  pa/rallel  side  track,  and  the 
frog  angle  Yofa  twmout;  to  find  the  radius  r  of  the  connecting 
curve,  and  th£  length  FN,  or  £kn,  of  the  cui*ve.     Fig.  76. 
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Let  FN  be  the  rail  of  the  main  track,  and  GM  the  rail  of 
the  siding,  adjacent  to  each  other;  let  0  be  the  centre  of  the 
main  track,  and  Q  the  centre  of  the  connecting  curve.  Then 
the  connecting  curve  will  terminate  at  m,  on  the  line  OQ  pro- 
duced. 

In  the  diagram  draw  MF,  and  produce  it  to  intersect  the 
'  nAlMQ  at  G,  and  join  GO,  FO,  and  FQ. 

Let  B  =  radius  of  centre  line  of  the  main  track;  r  =  radius 
of  centre  line  of  the  connecting  curve;  and  6  =  the  angle 

Case  a« — The  siding  outside  tTie  main  trcick.    Fig.  76. 
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By  similarity  of  the  triangles  GOM  and  FQM,  GO  is  paral- 
lel to  J^Q,  and  the  angle  GOF  =  F;  and  by  a  process  similar 
to  that  of  §  186,  we  have 

^^'^^  =  351:^^^*^^  <^^^ 

^_^  =  (ij+^)_Bj^«_.  (288) 

FN=2(R  +  ^)  sm  ^0  (289) 

fm  =  2r,  sin  ^(F+  B)  (290) 

CASe  b. — 77ie  siding  inside  (he  main  track.    Fig.  77. 
By  a  process  entirely  similar  to  g  187,  we  have 

tan  ie  =  -^^  cot  ^F  (291) 
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S'Jf  =  ^R  -  ig)  s\a  ifi  (283; 

fm  =  2rB\ai(F-  6)  (394; 

■Wbene  =  J" in  the  last  equations,  sin  (J*-  S)  =  0,  and  r 
ig  is  infinite,  and  tlie  cnrve  FM  becomes  a  straight  line. 


% 


r  +  ig  =  (B-  iS)-^^jzrWi  ^^'^ 

fm  =  2r.  aiD  HB  -  F)  (296) 

Equations  (391)  and  (293)  remain  unchanged. 

195.  To  locate  a  crossing  beHveen  paraHel  traek». 
Fig.  78, 

When  a  turnout  from  one  track  enters  a  parallel  traclc  by 
means  of  another  frog  and  switch,  the  whole  is  called  a  cross- 
ing. The  frogs  are  alike,  and  the  calculation  for  one  eud  of 
the  crossing  answers  for  the  other.  g§  180,  181.  We  have 
only  to  find  the  length  of  track  between  the  two  frogs. 

In  the  diagram  let  AF  be  one  turnout,  and  AF'  the  other, 
connected  by  the  straight  track  F'O.  It  is  required  to  deter- 
mine the  length  F'O.  or  the  distance  FN  measured  on  the 
mam  track  from  F  to  a  perpendicular  through  F'.  Produc- 
ing the  line  F'Q  lo  intersect  the  rail  NF&t  H,  we  have  two 
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right-ftngled  triangles  OFH  and  F'NB.  having  the  connnon 
ingle  al  H  ~  F.  Let  p  —  the  perpendicular  distance  between 
centre  lines  of  main  tracks,  and  g  =  gauge.  Tlien  OF  ~  g, 
andF'JV^  (p-g.) 

F'G  =  FS  -  GE=  ?^ -  OFcot  F 


Of  F'G  =  k  =  ^^^gootF  (297) 

So  FN=  NH~  FS  =  (p-g)  cot  F~^^     (268) 

When  the  main  track»  are  curved  the  dtatance  F'6  may  be 
calculated  b;  the  same  formula  (397)  which  gives  a  value  ouly 
a  fractloD  too  smalt,  but  in  laying  the  track  the  rail  F'O  must 
be  curved  to  a  radius  whicU  is  to  £  of  the  main  track  as 

F'O  :  JVF. 

106.  Whm  p  w  large,  or  the  traeke  art  imy  wids  apart,  it 
will  effect  some  saving  of  room  to  lay  the  eroanng  in  tlie  farm 
of  a  reversed  curve;  and  the  frogs  being  alike,  the  two 
area  will  bo  equal,  and  the  point  of  reversed  curve  Pwill  be 
midway  between  ^and  F'.    Fig.  79. 


In  the  diagram  we  have  aPa'  the  centre  line  of  the  cross- 
ng.  and  P£  the  centre  line  between  tracks;  n.L  =  ^,  and 
tC  =a'C'  =  T.  The  radius  r  having  been  found  by  §  180  or 
;  181,  we  have 

tersaCP=  -^  (299) 

,nd  PL  =  r  sin  aCP  (300) 
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The  distance  between  frogs,  FN,  measured  on  the  main  track 
is  eyidentlj 

FN=2(PL'-BF)  (301) 

in  which  BFis  determined  by  eqs.  (209),  (318),  or  by  Tab.  XL 

197.  To  lay  a  crossing  in  ths  farm  of  a  reversed 
curve,  when  the  parallel  tracks  are  on  a  curve.    Fig.  80. 


Fio.  80. 


Let  0  be  the  centre  of  the  main  curve,  C  and  C  the  centres 
of  the  reversed  curve. 

Then  in  the  triangle  GOC*  we  know  all  three  sides;  for  CO 
=  n  +  r;  CO'  =  r  +  r\tLiidO'0=E  +  p-'r';  and  the  half 
sum  of  the  three  sides  \s  s  =  H  -{-  r  -\-  ^p. 

Denoting  the  angle  COG  by  <p,  we  have  (Trig.  Tab.  II.  31) 


vers  tp  = 


-      j?  (r  +  r'  -  jy) 
{R+r){M+p-r') 


(302) 


The  angle  <p  determines  the  length  of  the  arc  BN  described 
with  the  radius  {B  +  ^)  and  so  fixes  the  position  of  the  point 
A'  from  A, 
By  a  formula  similar  to  the  above. 


(B  +  r)  (r  +  r) 


(803) 
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The  angle  O'GO  determines  the  length  of  the  arc  aP 
described  with  the  radius  r;  the  angle  ((p  +  G'CO)  =  CCA 
determines  the  length  of  the  arc  Pa',  and  P  is  the  point  of 
reversed  curve.  • 

In  this  problem  B  is  known,  r  is  found  by  §  187,  and  r'  is 
found  by  §  186,  only  observing  that  in  this  case  the  value  of 
R  must  be  increased  by  p.  The  frog  angles  ^and  F'  may  be 
equal  or  otherwise,  only  taking  care  that  the  point  P  shall  be 
included  between  the  radii  G'F'  and  CF, 

The  angle  FOG  =  d  is  given  by  eq.  (257),  and  the  angle 
F'OG'  =  0'  is  given  by  eq.  (252)  (in  which  the  value  of  iJ  is 
to  be  increased  by  |>);  hence  the  angle  FOF'  =  9>  —  (0  +  ®')f 
which  determines  the  distance  between  the  frogs,  measured  on 
the  main  track. 

198.  To  find  the  middle  ordinate  m,  for  1  sta- 
tion, or  100  feet,  on  any  curve,  in  terms  of  t?ie  degree  qf 
curve  D. 

Referring  to  Fig.  4  we  have  in  the  right  triangle  AGH 

i  QH=  QA.  tan  GAH 

But  GA  =  iAB  =  ^G,  and  (Tab.  I.  18)  GAH  =  iAOB  =  i  a  ; 
hence 

Jlf=i(7.taniA  (304) 

a  general  expression  for  the  middle  ordinate  of  any  chord. 

If  in  this  equation  we  make  G  =  100,  A  becomes  2>;  and 
denoting  the  correspondmg  value  of  M  by  m,  we  have 

m  =  ilOO  tan  ^D  (305) 

whence  the  rule^  MvUiply  the  nat  tangent  of  i  the  degree  of 
turve  by  100  and  divide  by  2.  Thus  the  values  of  m  in  the  5th 
column  of  Tab.  IV.  have  been  calculated 

199.  To  find  the  middle  ordinate  for  any  chord  in 
terms  of  the  chord  and  ra^us 

Referring  to  Fig.  4  we  have 

GH=OE-'  0G=  OE-  VAO^-  GA^ 
w  M=B-'a/jp^I£.Y  (806) 
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When  C  =  100  we  have  for  the  middle  ordinate  of  one 
station 


w  =  iJ  -  Vi?  -  2500  (307) 

For  any  subchord  c,  less  than  100,  we  have  for  the  middle 
ordinate. 


or 


(308) 


By  adding  ^j^  to  the  quantity  under  the  radical  in  eq.  (308) 
it  becomes  a  perfect  square,  giving 

wii  =  g^  nearly,  (309) 


which  is  a  very  useful  formula,  although  approximate.  The 
error  in  wii  does  not  exceed  .002  for  any  subchord  c  when  the 
radius  is  greater  than  800.  On  a  20"^  curve  the  error  will  be 
.002  for  a  chord  of  60  feet;  and  on  a  40°  curve  the  error  in  wii 
will  be  only  .003  for  a  chord  of  33  feet.  Equation  (309)  is 
therefore  practically  correct  in  all  cases  forfinMng  the  mdddk 
orcUnates  of  rails.     Table  XII.  is  calculated  by  eq.  (308). 

200.  Curviiig  Rails.  Before  any  rail  is  spiked  to  its 
place  in  a  curve,  it  must  be  evenly  bent  from  end  to  end,  so 
that  it  will  assume  the  proper  curvature  when  lying  free. 
The  bending  may  be  done  by  using  sledges,  but  is  best  accom- 
plished, especially  for  turnouts  and  other  sharp  curves,  by 
using  a  bending  machine  made  especially  for  this  purpose. 

The  proper  curvature  of  a  rail  is  tested  by  measuring  its 
middle  ordinate  from  a  small  cord  stretched  from  end  to 
end  and  touching  the  side  of  the  rail-head.  The  cord  should 
also  be  stretched  from  the  middle  point  of  the  rail  to  -either 
end,  and  the  middle  ordinate  of  each  half  length  measured, 
to  test  the  uniformity  of  curvature. 

From  the  last  equation  it  appears  that,  with  a  given  radius, 
the  middle  ordinate  varies  nearly  as  the  square  of  the  chord. 
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We  may  therefore  find  the  middle  ordinate  ot  a  rail  whose 
length  is  e  by  the  proportion 

or,  mi  =  -jQ^  nearly,  (310) 

in  which  in  is  obtained  from  Tab.  IV.,  col.  6,  for  the  given 
radius  or  degree  of  curve. 

I     Example, — What  is  the  middle  ordinate  of  a  30  ft.  rail 
ivhen  curved  for  a  20°  curve? 

Eq.  (310)  mi  = j^^^^ =  .894  =  4i  m. 

When  a  long  rail  is  bent  for  a  sharp  curve,  observe  that  e  is 
the  length  of  the  chord  of  the  rail — not  of  the  rail  itself. 

For  the  chord  of  half  a  rail  the  middle  ordinate  is  one-fourth 
the  middle  ordinate  of  the  whole  rail.  Thus,  in  the  above  ex- 
ample it  would  be  .099  or  Ij*^  inches. 

Instead  of  using  the  chord  of  the  whole  rail,  it  may  be  more 
convenient  to  assume  a  chord  shorter  than  the  rail,  especially 
when  the  chord  is  not  an  exact  number  of  feet,  knotting  the 
string  to  the  length  assumed,  and  applying  it  to  different  por- 
tions of  the  rail  successively. 

201.  Elevation  of  the  outer  rail  on  curves. 

When  a  car  passes  around  a  curve,  a  centrifugal  force  is 
developed  which  presses  the  flanges  of  the  wheels  against  the 
outer  rail.  This  force  acts  horizontally,  and  varies  as  the 
square  of  the  velocity,  and  inversely  as  the  radius  of  the 
curve.    Denoting  the  centrifugal  force  by/,  we  have  from  the 

theory  of  mechanics  /=  "bo"! ««"/?»  ^^  which  w  =  weight  of 

loaded  car  in  pounds,  v  =  velocity  in  feet  per  second,  and 
R  =  radius  of  curve  m  feet. 

In  Fig.  81,  let  ab  represent  a  level  line  at  right  angles  to  the 
track,  let  a  and  c  be  the  tops  of  rails  on  a  curve,  let  be  =  e=: 
elevation  of  outer  rail  c,  and  let  the  point  d  be  the  centre  of 
gravity  of  the  car.  The  force  /  acts  in  the  direction  ab,  and 
if /'  =  the  component  of /in  the  direction  ac,  then 

/' :/  ::  ab  :  ae. 
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The  weight  to,  resting  on  the  inclined  plane  o^  developes  a 
component  in  the  direction  ea^  and  denoting  this  by  vi\  we 
have  by  similar  triangles, 

vl  \vo  ::  hcxoA, 


Since  equilibrium  requires  that  w'  shall  equal/',  we  have  after 
dividiug  one  proportion  by  the  other  -^  =  — r-,  or  /=  —  '--, 
Equating  this  value  of/ with  that  given  above  we  find, 


e  = 


33. 166  i? 


Buta!>=  V/m8  — 


ac^  —  e^f  and  ac  =  distance  between  rail  centres  = 

5280 
gauge  +  one  rail  head  =:g-\-0.1S8.    Also  t>  =  ^^  F,  if  V  de- 
note the  velocity  in  miles  per  hour.    Making  these  substitu- 
tions and  reducing,  wc  have 

F« 

.06688-- 

e=^(g  +  .188)— -==p;  (311) 

j/ 1  +f  .06688-^*^' 

By  this  formula  Table  XIII.  is  calculated  for  the  standard 
gauge  5r  =  4' 8r,  =4,708. 

An  approximate  formula  may  be  obtained  by  assuming  that 
db  =  g  for  practicable  values  of  e.     Substituting  this  m  the 


first  value  of  e  given  above,  and  replacing  «  by 
have 


5280 
3600 


K*we 


(approx.) 


e  -  .06688- 


R 


(312) 


which  is  the  formula  generally  employed. 
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In  laying  a  new  track,  the  transverse  inclination  is  first 
given  to  the  ballast  by  grade  pegs  driven  either  side  of  the 
centre  line  at  a  distance  of  {g  -\-  .188)  each  side  of  the  centre; 
the  outside  peg  being  set  higher,  and  the  inside  peg  lower 
than  the  grade  of  ballast  on  the  centre  line,  by  the  proper 
elevation  selected  from  Table  XIII.  But  in  re-surfacing  an 
old  track,  the  inner  rail  is  taken  as  grade  and  the  outer  rail  is 
raised  the  necessary  amount. 

202.  The  proper  elevation  may  be  found  mechan- 
ically by  the  following  method: 

To  find,  on  a  curved  track,  the  length  of  a  chord  whose  middle 
ordinate  sliall  equal  the  proper  elevation  of  the  outer  rail  for  any 
velocitt/  V  in  miles  per  hour. 

By  the  conditions  of  the  problem,  we  have  mi  in  eq.  (309) 
equal  to  6  in  eq.  (312),  or 

_c»   _  ^F^  .06688 
8i2""  R 

6z=,7dl44:VV^  (313) 

When  g  =  4.708, 

c  =  1.587  V  (314) 

Lay  off  the  chord,  c,  upon  the  rail  of  the  track,  stretch  a 
piece  of  twine  between  the  points  so  found,  and  measure  the 
middle  ordinate;  it  will  equal  the  proper  elevation. 

• 

203.  The  velocity  assumed  in  the  preceding  formulae 
should  be  that  of  the  fastest  regular  trains  which  will  pass 
over  the  curve  in  question,  since  the  flanges  would  be  forced 
against  the  outer  rail  were  there  no  centrifugal  force  devel- 
oped, by  reason  of  the  wheels  being  rigidly  attached  to  the 
axles,  and  the  axles  being  parallel. 

The  rails  on  tangents  should  be  level  transversely*  except 
near  curves,  where  for  50  or  100  feet  from  the  curve  one  rail 
is  gradually  raised,  so  that  at  the  P.O.  or  RT.  it  may  have 
the  full  elevation  due  to  the  curve.  At  a  P.  G.  G.  the  elevation 
should  be  an  average  of  the  elevations  due  to  the  two  arcs. 
Owing  to  the  difficulty  of  properly  adjusting  the  elevation  of 
rail,  it  is  objectionable  to  have  arcs  of  very  dissimilar  radii 
join  each  other;  and  the  objection  is  much  greater  in  the  case 
of  reversed  curves  unless  separated  by  a  short  tangent.     See 
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On  the  other  hand,  a  short  tangent  between  arcs  which 
curve  in  the  same  direction  should  be  avoided,  since  it  makes 
a  '*flat  place"  both  in  line  and  levels,  at  once  unsightly  and 
injurious  to  the  rolling  stock. 

In  the  case  of  turnouts,  however,  no  elevation  of  rail  is  pos 
sible  (except  when  both  tracks  curve  in  the  same  dii*ection); 
hence  reversed  curves  are  allowable,  the  speed  of  trains  being 
usually  quite  low  also. 

S04.  The  coningr  of  the  wheels,  by  which  the 
wheel  on  the  outer  rail  gains  a  diameter  enough  larger  than 
the  other  to  compensate  for  the  superior  length  of  the  outer 
rail,  although  a  theoretically  perfect  device,  is  gradually  going 
into  disuse.  To  be  effective  for  the  sharpest  curves,  the  coning 
must  be  so  great  as  to  produce  an  unsteady  motion  on  tan- 
gents, very  objectionable  at  high  speeds.  Moreover,  it  is  un- 
desirable to  seek  for  an  equilibrium  of  lateral  forces  in  a  car 
on  a  curve,  since  the  flanges  are  then  sure  to  strike  the  inner 
and  outer  rails  alternately  with  damaging  force,  as  that  equi 
librium  is  momentarily  disturbed.  It  is  far  better  that  the 
flange  should  press  steadily  against  the  outer  rail,  while  that 
pressure  is  modified  and  reduced  somewhat  by  the  elevation 
of  the  rail.  For  these  and  other  reasons,  car- wheels  are  now 
made  nearly  cylindrical. 
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CHAPTER  VIIL 
Leyblling. 

205.  The  field  operations  with  the  Engineer's  Level  are  of 
a  more  simple  character  than  those  performed  with  the  transit, 
yet  require  equal  skill  and  nicety  of  manipulation  in  order  to 
produce  trustworthy  results.  The  transit  is  used  to  ascertain 
the  relative  horizontal  position  of  points,  the  level  to  obtain 
their  relative  vertical  position. 

206.  In  order  to  express  the  elevation  of  points,  they  must 
be  referred  to  some  level  aurfaee  of  known  (or  assumed)  eleva- 
tion; and  in  order  that  the  elevations  may  all  be  positive  up- 
ward, this  surface  of  reference  should  be  selected  below  all  the 
points  to  be  considered.  The  level  surface  of  reference  is  called 
the  datum. 

The  elevation  of  the  datum  u  always  zero.  TJie  elevation  of  any 
paint  is  its  wrticaX  height  above  the  datum. 

Near  the  coast  the  sea  level  is  usually  adopted  as  the  datum; 
inland,  the  low  water  mark  of  a  river  or  lake,  etc. ;  but  it  is  not 
necessary  that  the  datum  should  coincide  with  a  water  surface. 
If  any  points  whose  elevations  are  to  be  ascertained  are  below 
the  water  surface,  the  latter  may  be  assumed  to  have  an  eleva- 
tion of  100  or  1000  feet  instead  of  zero;  that  is,  we  remove  the 
datum,  in  imagination,  to  100  or  1000  feet  below  the  level  of 
the  water  surface. 

207.  In  ease  of  a  survey  commencing  at  a  point  quite  re- 
mote from  any  important  water  surface,  any  permanent  point 
may  be  selected  as  the  original  point  of  reference,  and  its  ele- 
vation may  be  assumed  at  100  or  any  other  number  of  feet; 
that  is,  we  fix  the  datum  at  the  same  number  of  feet  below  that 
point.  The  point  of  reference  is  called  a  bench,  or  bench* 
mark,  and  is  designated  by  the  initials  B.M,  Other  benches 
are  estaUished  at  intervals  during  a  survey,  and  their  eleva- 
tions determined  instrumentally.    They  are  then  convenient 
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points  of  known  elevation  for  future  reference.  We  cannot 
assume  the  elevation  of  more  than  one  bench  on  the  same  sur- 
vey, else  we  should  have  more  than  one  datum,  and  all  the 
results  would  be  thrown  into  confusion. 

208.  Having  established  the  first  bench  and  recorded  its 
elevation,  the  next  step  is  to  set  up  the  instrument  firmly  at  a 
moderate  distance  from  the  bench,  so  that  the  telescope  sliall 
be  somewhat  higher  than  the  bench,  and  in  full  view  of  a  rod 
held  vertically  upon  it.  The  instrument  having  been  tested  for 
its  several  adjustments,  and  found  to  be  correct,  the  line  of  sight 
through  the  intersection  of  the  cross-hairs  is  known  to  be  hori- 
zontal when  the  bubble  stands  at  the  middle  of  its  tube.  Turn- 
ing the  line  of  sight  upon  the  rod,  the  point  of  the  rod  covered 
by  the  horizontal  cross-hair  is  known  to  be  on  a  level  with  the 
cross-hair;  and  the  latter  is  therefore  higher  than  the  bench  by 
the  distance  intercepted  on  the  rod  from  its  lower  end.  Add- 
ing this  distance  to  the  elevation  of  the  bench,  we  obtain  the 
elevation  of  the  cross-hair,  known  technically  as  the  **  Heig^Iit 
of  Instrumeiit,**  and  designated  by  the  initials  il  J. 

209.  The  distance  intercepted  on  a  rod  from  its  lower  end 
by  the  line  of  sight,  when  the  rod  is  held  vertically  on  any 
given  point,  is  called  the  reading^  of  the  rod  at  that  point. 

210.  Having  obtained  the  height  of  instrument,  the  eleva- 
tion of  any  point  somewhat  lower  than  the  cross-hair  is  easily 
ascertained  by  taking  a  reading  of  the  rod  upon  it.  The  read- 
ing subtracted  from  the  height  of  instrument  gives  the  eleva- 
tion of  the  point  above  the  datum.  The  elevation  of  any  num- 
ber of  other  points  may  be  similarly  obtained.  But  the  eleva- 
tion of  points  on  the  ground  higher  than  the  cross-hair,  or 
farther  below  it  than  the  length  of  the  roil,  cannot  be  deter- 
mined, because  in  either  case  the  line  of  sight  will  not  cut  the 
rod,  and  hence  there  can  be  no  reading.  In  order  to  observe 
such  points,  the  instrument  must  be  removed  to  a  new  posi- 
tion, higher  or  lower  than  before,  as  the  case  may  require. 

211.  Before- the  instrument  is  removed  to  a  new  position, 
a  tempora/ry  beneh^  called  a  Turning'  Point  (and  designated 
by  T.P.oT  ''Peg")  must  be  established,  audits  elevation  ascer- 
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tidned  as  for  any  other  point,  but  with  more  care.  A  turning 
point  must  l>e  a  firm  and  definite  point  whose  position  cannot 
readily  be  altered  in  the  least,  nor  lost  Bight  of.  A  small  stake 
firmly  driven,  or  a  point  of  rock  projecting  upward,  is  fre- 
quently used.  The  reading  having  been  taken  on  the  turning 
point,  the  instrument  is  carried  forward  to  a  new  position, 
levelled  up  properly,  and  the  new  Height  of  Instrument  ob- 
tained by  a  new  reading  on  the  same  turning  point.  Since  the 
cross-hair  is  higher  than  the  point  (otherwise  there  could  be  no 
reading)  the  reading,  added  to  the  elevation  of  the  point,  gives 
the  Height  of  Instrument. 

1212.  In  general,  the  intersection  of  the  cross-hairs  being 
higher  than  any  point  on  which  a  reading  is  taken: 

To  find  the  Height  of  Instrument,  add  t/ie  reading  on  a  point 
to  the  elevation  of  the  point;  and 

To  find  the  Elevation  of  a  point,  subtract  the  reading  on  it 
from  the  Height  of  Instrument. 

A  reading  t^en  for  the  purpose  of  finding  the  Height  of 
Instrument  is  called  a  Backsight  (B.S).  A  reading  taken 
for  the  purpose  of  finding  the  elevation  of  a  turning-point  (or 
of  a  bench  used  as  such)  is  called  a  Foresig^ht  (F.8).  Hence 
Backsights  are  always  plus,  and  Foresights  always  minus. 

213.  The  form  of  field-book  used  for  the  survey  of 
a  railroad,  or  other  continuous  line,  is  shown  below.  The  first 
column  contains  the  numbers  of  the  stations  on  the  line  and 
of  plus  distances  to  other  points  on  the  line  where  readings  are 
taken — also  the  initials  of  benches  and  turning  points,  in 
order,  as  they  occur.  The  second  column  contains  the  back- 
sights, taken  on  points  of  known  elevation  only.  The  third 
column  contains  the  height  of  instrument,  recorded  on  the 
same  line  as  the  elevation  of  the  turning  point  (or  bench)  from 
which  it  is  calculated.  The  fourth  column  contains  the  fore- 
sights, taken  on  new  turning  points,  and  benches  used  as  such, 
only.  The  fifth  column  contains  the  readings  taken  on  all 
other  points  noted  in  the  first  column.  The  sixth  column  con- 
tains the  elevations  of  all  points  observed.  The  right-hand 
page  is  reserved  for  remarks,  descriptive  of  the  benches  and 
their  location — of  objects  crossed  by  the  line,  as  roads,  streams^ 
Bwamps,  ditches,  etc. ;  the  depths  of  streams,  etc. 


^ 
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LETEL  BOOK. 


Sta. 


B.M. 

0 

1 
-1-50 

Peg 


t 


25 
50 

8 
Peg 
Peg 
-f  90 

4 
B.M. 

5 

6 
Peg 

•7 


B.S. 

H.I. 

F.S. 

Rod. 

Elev. 

4.688 

204.683 

2.1 
3.4 
5.2 

200.000 
202.6 
201.8 
199.5 

1.791 

197.260 

9.214 

3.7 
7.0 
3.1 
0.6 

195.469 

198.6 

190.8 

194.2 

196.8 

11.750 

208.574 

0.486 

196.824 

11.933 

219.528 

0.979 

3.5 

2.6 

2.075 

1.7 

0.9 

207.595 

216.0 

216.9 

217.453 

217.8 

218.6 

9.005 

227.801 

0.782 

6.2 

218.796 
221.6 

89.162 

11.861 

Remarks. 


White  oak,  115  R. 


Brook  5  wide;  1  deep 


Haple,  78  L. 


When  a  bench  is  not  used  as  a  turning  point,  the  reading  on 
it  is  recorded  in  the  fifth  column. 

The  numbers  in  the  second,  fourth^  and  fifth  colunms  come 
directly  from  the  rod,  those  in  the  third  are  obtained  by 
addition,  those  in  the  sixth  by  subtraction,  according  to  the 
rule  given  above.  The  additions  and  subtractions  made  on 
each  page  should  be  proved  before  proceeding  to  the  calcula- 
tions of  the  next.  When  correct,  the  difference  of  the  sums 
of  the  backsights  and  foresights  on  the  page  equals  the' differ- 
ence of  the  first  and  last  elevations  on  the  page.  Thus,  in  the 
form  given 

(39.163  -  11.361)  =  (227.801  -  200.000)  =  27.801 

In  this  proof  we  ignore  all  elevations  except  those  of  turn- 
ing points,  and  benches  used  as  such,  and  the  height  of  instru- 
ment. 

At  the  end  of  the  survey,  as  well  as  at  the  end  of  each  day's 
work,  a  bench  is  established  from  which  the  survey  may  be 
resumed  at  any  future  time     See  §§  28,  29,  and  80. 


214.  The  object  of  making  such  a  sulrey  with  level  and 
rod  is  to  furnish  a  profile  or  vertical  section  of  the  entire 
line,  showing  in  detail  the  rise  and  fall  of  the  surface  over 


LBVBLLIITG.  185 

winch  it  passes.  The  profile  is  plotted  on  proflle-paper  pub^. 
lished  for  the  purpose,  the  horizontal  scale  being  usually  400 
feet  to  an  inch,  and  the  vertical  scale  30  feet  to  an  inch.  This 
distortion  of  scale  magnifies  the  vertical  measures  so  that 
slight  changes  in  the  elevation  of  the  surface  may  be  seen 
distinctly. 

215.  When  only  the  difference  of  level  of  two  extreme 
points  is  required,  the  survey  is  more  simple.  No  readings 
are  taken  except  on  turning-points,  the  backsights  and  fore- 
sights being  recorded  in  separate  columns.  No  calculation  is 
required  until  the  survey  Is  finished,  when— the  first  reading 
having  been  taken  on  one  of  the  given  points,  and  the  last  on 
the  other — the  difference  of  the  sums  of  the  backsights  and 
foresights  is  the  difference  in  elevation  of  the  two  points,  ac- 
cording to  the  method  of  proof  mentioned  in  §  213.  Thus  the 
difference  in  level  of  any  two  benches  established  on  a  previ- 
ous survey  may  be  tested,  and,  if  found  correct,  all  the  inter- 
mediate elevations  on  the  line  may  be  assumed  to  be  correct 
also.  The  discrepancy  should  not  exceed  one  tenth  of  a  foot 
in  any  case,  and  is  usually  much  less. 

216.  Any  lack  of  adjustment  in  the  instrument  gives 
the  line  of  sight  a  slight  angle  of  elevation  or  depression, 
causing  a  slight  error  in  every  reading,  proportional  to  the 
distance  of  the  rod  from  the  instrument.  But  the  errors  being 
equal  for  equal  distances,  and  the  backsights  and  foresights 
having  opposite  signs  in  our  calculations,  the  errors  cancel 
when  the  distances  are  equal.  Hence,  to  avoid  errors  in  ele- 
vation, each  new  turning-point  should  be  as  nearly  as  possible 
at  the  same  distance  from  the  instrument  as  the  point  on  which 
the  last  backsight  was  taken.  For  precise  reading,  the  rod 
should  not  be  more  than  400  feet  from  the  instrument. 

217.  Another  cause  of  error  in  readings  is  want  of  verti- 
cality  in  the  rod.  This  may  be  avoided  by  the  use  of  a  disk- 
level,  or  in  the  absence  of  wind,  by  balancing  the  rod.  The 
rod  may  be  plumbed  one  way  by  the  vertical  cross-hair  of  the 
level,  and  to  ensure  a  vertical  reading  in  the  plane  of  the  line  of 
sight,  the  rod  may  be  gently  waved  each  side  of  the  vertical 
toward  and  from  the  instrument,  the  shortest  reading  being 
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the  correct  one;  or  in  case  of  a  target  rod,  the  target  should 
rise  to,  but  not  cbbane  the  horizontal  cross-hair,  as  the  rod  is 
waved. 

218.  When  very  long  sights  are  required  to  be  taken  with 
the  level,  another  source  of  error  must  be  considered,  namely, 
the  curvature  of  the  earth. 

A  level  line  is  parallel  to  a  great  circle  of  the  earth,  and  is 
therefore  an  arc  of  a  circle,  or  may  be  so  considered. 

A  horizontal  line  is  a  straight  line  parallel  to  the  plane  of  the 
horizon.  Therefore  the  line  of  sight,  being  a  horizontal  line, 
is  tangent  to  the  circle  of  a  level  line  passing  through  the  in- 
strument. 

To  find  the  correction  in  elevation  due  to  curvature  of  the 
earth  for  any  distant  station.    Fig.  82. 


I 

E 

^  A 

'^'^^ 

^y^^ 

C 

V 

'   Fio.  82. 

Let  A  be  the  station  of  the  instrument  /,  and  B  the  distant 
station  observed. 

Let  i^o  =  CT=  the  radius  of  curvature  of  the  earth,  or  of  the 
parallel  arc  ID.  Let  L^  —  ID  ^  the  level  distance  between 
A  and  B,  Then  IE,  perpendicular  to  CT,  is  the  line  of  sight, 
BE  is  the  reading  of  \he  rod,  and  BE  =  E^  =  the  correction 
due  to  curvature. 

By  Tab.  I.,  24,  IE*  =  DE  {DE+  2BJ);  but  since  DE  is 
very  small  compared  with  2B^,  it  may  be  omitted  from  the 
parenthesis,  and  since  IE  =  ID  =  L^  very  nearly,  because 
the  angle  ACS  ia  very  small,  we  have  L^*  =  2R^E^, 


E^  - 


2B. 


(315) 


^o  is  to  be  added  to  the  apparent  elevation  of  station  B, 
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219.  Befiraction.  In  obsenring  distant  stations  the 
line  of  sight  passing  through  the  atmosphere  is  refracted  from 
the  straight  line  IE,  Fig.  82,  and  takes  the  form  of  a  curve, 
which,  for  practical  purposes,  may  be  considered  as  the  arc  of 
a  circle,  concave  downwards.  Its  radius,  depending  on  the 
conditions  of  the  atmosphere,  varies  from  5i  to  7i  times  the 
radius  of  curvature  of  the  earth.  IR^  is  considered  a  good 
average  value. 

Refraction  causes  the  observed  object  to  appear  too  high, 
while  the  curvature  of  the  earth  causes  it  to  appear  too  low ; — 
the  effects  being  contrary,  the  correction  for  curvature  is  re- 
duced by  the  correction  for  refraction.  If  we  let  U^  =  the 
total  correction  for  both  curvature  and  refraction,  to  be  added 
to  the  apparent  elevation  of  the  observed  object,  then 

A  or  t 

n,=\E^=^  (816) 

Table  XYII.  is  calculated  by  this  formula,  assuming  a  mean 
value  of  R^  =  30,913,650  feet. 

220.  The  form  of  the  earth  is  approximately  an  el- 
lipsoid of  revolution.  Its  meridian  section  at  the  mean  level 
of  the  sea  is  an  ellipse,  the  semi-axes  of  which  are,  according 
to  Clarke, 

at  the  equator  A  =  6378206  metres  [6.8046985] 

at  the  poles       5=6356584      "      [6.8032238] 

According  to  the  same  authority 

1  metre  =  3.280869  feet  [0.5159889] 

Therefore  the  semi-axes  expressed  in  feet  are 

^  =  20  926  058  feet  [7 .3206874] 

J9  =  20  855119    "  [7.3192127] 

Then  the  radius  of  curvature  of  the  meridian 

at  the  equator,  -^  =  JB^  =  20  784  422  ft.  [7.3177379] 

at  the  poles,     -~  =  i?,  =  20  997  240  **  [7.3221622] 
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In  latitude  40°  the  radius  of  curvature  of  the  meridian  la 
20  871  900,  and  of  a  section  at  right  angles  to  the  meridian, 
30  955  400;  the  mean  value,  or  i?,  =  30  913  650  [7.330480J,  be- 
ing  adopted  for  general  use.  The  error  in  the  correction  H^ 
eq.  (316)  due  to  this  assumption  will  usually  be  much  less  than 
that  due  to  the  assumed  value  of  the  radius  of  refraction. 


221.  liC veiling  by  Transit  or  Theodolite.  When 
*  a  transit  has  a  level-tube  attached  to  the  telescope,  it  may 
be  used  as  a  Theodolite  for  levelling,  and  for  taking  vertical 
angles.  If  the  instrument  be  in  perfect  adjustment,  the  line 
of  sight  will  be  horizontal  when  the  bubble  stands  at  the 
middle  point  of  the  tube,  and  the  reading  of  the  vertical  circle 
will  be  zero.  Should  there  be  a  small  reading  when  the  line  of 
sight  is  horizontal  it  is  called  the  index  error.  When  the  line 
of  sight  is  not  horizontal,  the  angle  which  it  makes  with  the 
plane  of  the  horizon  is  called  an  angle  of  elevation,  or  of  de- 
pression, according  as  the  object  upon  which  the  line  of  sight 
is  directed  is  above  or  below  the  telescope.  'This  angle  is 
measured  on  the  vertical  circle,  being  the  difference  of  the 
reading  and  the  index  error,  when  both  are  on  the  same  side 
of  the  zero  mark,  and  their  sum,  when  they  are  on  opposite 
sides.  When  the  distance  to  an  observed  object  is  known, 
and  its  angle  of  elevation  or  depression  is  measured,  we  may 
calculate  its  vertical  height  above  or  below  the  telescope. 

T  .  ,      .  ( elevation 

Let  ±  a  =  angle  of  -^  , 

f  depression 

L  =  the  horizontal  distance 

L'  =  the  distance  parallel  to 
line  of  sight 

h  z=  difference  in  elevation  of 
object  and  instrument. 

Then  for  short  distances, 

^  =  Z  tan  a  =  Z'  sin  a      (317) 

Fio.  83.  For  long  distances  the  curvature  oir 

the  earth  and  refraction  must  be  considered.    Fig.  83. 

liCt  /  be  the  place  of  the  instrument^  and  F  the  object 
observed. 


(( 


it 


(t 
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Let  L^  =  the  distance,  measured  on  the  chord  of  the  level 
arc  ID,  passing  through  the  instrument;  and  let  ^  =  the 
number  of  seconds  in  the  arc  ID-,  hence,  since  for  ordinary 
distances  the  chord  and  arc  are  sensibly  equal, 

^  =  A  206264'.  8  [5.314435] 

or  giving  to  B^  its  mean  value,  §  220, 

^  =  X,  X  .0098627         •       [7.993995] 

or  a  fraction  less  than  1"  per  100  feet. 

Let  ZFbe  the  arc  of  the  refracted  ray,  and  assuming  that  its 
radius  is  7i?o,  the  arc  will  contain  |th  the  number  of  seconds 
of  the  arc  IF 

IF',  tangent  to  IF,  is  the  direction  of  the  telescope;  IF  is 
the  chord  of  the  arc  IF,  and  IE  is  the  horizontal. 

Let  a  =  EIF'  =  observed  angle  of  elevation.  Then  FIF  = 
true  angle  of  elevation  =  FIF'  —  F'IF=a  —  \  .  \ip  =  a  — 
.071^. 

The  angle  FID  =  \il>  ,'.  DIF  =  ^^  +  a  -  .071^;  and 
IDF  =  90°  +  i^  .   . •.  IFD  =;  90°  -  (^  +  a  -  .071^). 

We  now  solve  the  triangle  IFD  for  the  side  DF  =  h,  and 
find 

^    ^^^sina^  +  a^.071^) 
°  cos  (^  +  a  —  .071^') 

For  an  observed  angle  of  depression  make  a  negative  in  the 
formula. 

The  coefficient  .071  is  called  the  coefficient  of  refraction,  this 
being  a  fair  average  value,  while  its  extreme  range  is  from  .067 
to  .100  under  varying  conditions  of  the  atmosphere,  and  values 
of  the  angle  a. 

When  the  difference  in  elevation  of  two  or  more  distant 
objects  is  required,  we  obtain  the  elevation  of  each  separately, 
and  subtract  one  elevation  from  another.  The  elevation  of  the 
observed  object  is  given  by  {E.  I.)  ±h. 

222*  To  find  the  Height  of  Instrument  of  a  transit  or 
theodolite  by  an  obserration  of  the  horizon.    Fig.  84 
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Let  I  be  the  place  of  the  instrument,  and  let  a  =  observed 
angle  of  depression  of  the  horizon. 

Let  F  be  the  point  where  the  refracted  ray  meets  the  level 
surface,  and  draw  the  chords  77^  and  AF, 

Let  ^  =  the  angle  ACF,  let  h  =  AI,  and  let  *  =  the  coeffi- 
cient of  refraction. 

In  the  triangle  lAF, 

IAF=  90"  +  i^,  AFI=  iif  -  kt,  AIFr^  90°  -  (^  -  k^j) 
Hence  FIE  =  ip  -  kf.    But  FIF  =  a  +  ki/f 


a 


(819) 


l-2k 
Let  F'  be  the  tangent  point  of  a  right  line  drawn  through  I; 


Fio.  84 


then  AI  =  OF'  exsec  ACF\  but  CF'  =  22^,  and,  since  ^  is 
always  very  small,  A  OF'  =  ^(^  +  ^)  very  nearly  = 


l-2k 


h  =  U^  exsec  J— -gj^  a 


(820) 


Giving  to  B^  its  mean  value,  §  220,  and  assimiing  k  =  ^ 


\og  n  =  7.320430  +  log  exsec  1.0801  a 


(321) 
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Otherwise,  we  may  solve  the  triangle  AZi'*  since 
AF  =  2i?^  sin  \'^  =  %E,  sin         ^ 


and  h  —  AF 


2(1-2*) 

sin  {\^  —  kip) 
cos  (i/j  —  kt) 


%       my    '         ^  sin  ia:  ^.^^ 


When  k  =  ^ 


h  =  222,  sin  Aa  .  -^^^^^^  (323) 


Example. — The  observed  dip  of  the  sea  horizon  is  24'  =  a. 
What  is  the  height  of  the  instrument  above  the  sea? 

By  eq.  (321)  1.0801  X  a  X  60  =  1555'.34  3.191825 

2 


6.383650 
Table  XXVI.  (q  -  2  Q  9. 070130 
B^  7.320430 


A  =59458  2.774210 

Methods  of  determining  heights  by  distant  observations  can- 
not be  relied  on  for  more  than  approximate  results,  since  they 
necessarily  involve  the  uncertain  element  of  refraction,  and 
usually  a  lack  of  precision  in  the  vertical  angle,  the  arc  reading 
only  to  minutes  in  ordinary  instruments.  These  methods,  how- 
ever, are  useful  where  no  great  accuracy  is  required,  as  for  a 
temporary  purpose  until  levels  can  be  taken  in  the  regular  way, 
or  for  interpolating  between  points  of  established  elevation. 

223.  Stadia  Measurements. 

It  Is  sometimes  convenient  to  determine  distances  by  instni^ 
mental  observation  For  this  purpose  two  additional  cross* 
liairs  may  be  placed  in  the  telescope  parallel  to  each  other  and 
equidistant  from  the  central  cross-hair.  These  are  called  stadia 
hairs,  and  distances  determined  by  them  are  called  stadia 
measurements.  The  stadia  hairs  are  adjusted  so  as  to  inter< 
cept  a  certain  space  on  a  rod  held  at  a  certain  distance  from 
the  instrument  and  perpendicular  to  the  line  of  sight.    For  any 
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other  place  of  the  rod,  the  distances  and  intercepted  spaces 
are  nearly  proportional.  The  exact  relation  is  given  below. 
Fig.  85. 

Let  I  =  AB,  the  distance  of  the  rod  from  the  vertical  axis 
of  the  instrument;  e  =  the  distance  from  the  axis  to  the  oh- 
ject  glass  of  the  telescope;  a  =  the  distance  from  the  object- 
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glass  to  the  rod;  i  =  the  space  between  the  stadia  hairs;  s  = 
CD  the  space  intercepted  by  them  on  the  rod;  and/=  the 
focal  distance  of  the  object-glass.    We  then  have  by  optics, 

-  =  — 3-^,  whence  a  —/=•'-«;  and  smce  a  ^  I  —  e  ,\  I  ^ 
%         J  % 

f 
(/+  ^)  =  -«.    Now  in  any  given  instrument  the  focal  distance 

/,  and  the  space  between  the  stadia  hairs  %  are  constant,  while 
«  and  c  vary  with  I.    For  any  other  distance  l\  we  then  have 

/ 
I'  —  (f  -\-  c')  =z  -8' ,  and  combining  the  two  equations' 

;-(/+c)  =  J[r-(/+0]  (334) 

f '  is  usually  assumed  at  1  foot  and  l'  —  (/+0  **  1^  feet, 
and  the  stadia  hairs  are  then  adjusted  accordingly.  The  focal 
distance/ may  be  found  by  removing  the  object  glass  and  ex- 
posing it  to  the  rays  of  the  sun  and  noting  at  what  distance 
from  the  surface  of  the  lens  the  rays  form  a  perfect  and  min- 
ute image  of  the  sun  on  a  smooth  surface;  the  distance  c'  is 
measured  on  the  telescope  when  the  rod  is  clearly  in  focus, 
at  the  assumed  distance. 

To  measure  any  other  distance,  the  rod  is  again  observed 
at  the  desired  point,  and  the  space  s  noted,  which,  placed  in 
eq.  (324),  gives  I  —  {f-\-c)  sX  once.  We  then  measure  e  on 
the  telescope,  and  adding  (/+  <^\  obtain  I,  the  distance  re- 
quired. 
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But  inasmuch  as  e  has  but  a  small  range  of  values,  it  will 
usually  be  sufficient  to  assume  for  it  a  mean  value,  as  a  con- 
stant. In  this  case  we  may  find  the  value  of  (/  +  c)  =  IF 
for  the  insti*ument  used.  Making  e'  =  em  eq.  (824),  and  solv- 
ing for  (/+  c),  we  have 

Z+^^T^r/-'  (826) 

and  by  laying  off  on  level  ground  any  two  distances  from  the 
instrument  for  I'  and  I,  as  100  and  500,  and  observing  the 
corresponding  spaces  s'  and  s  intercepted  on  a  rod,  we  insert 
them  in  eq.  (3250  and  find  (/+  c). 

Having  found  (/+  c),  lay  ofP  (100  +/+  ^)  ^^om  the  instru- 
ment and  adjust  the  stadia  hairs  to  inclose  just  one  foot  on 
the  rod  at  that  distance.    Any  other  distance  is  then  found  by 

the  formula, 

^  =  100»  +  (/+c)  (326) 

Example,— M  V  =  100  we  find«'  =  1.00,  and  at  ^  =  500  we 
find  8  =  5.061. 

Hence,  eq.  (325)      /+  c  =  ^^'l^^  =  1-502 

and  eq.  (326)  I  =  100  «  + 1.5;  promded  the  stadia  hairs  be  ad- 
justed so  as  to  intercept  1  foot  at  101.5  feet  distance  from  the 
centre  of  the  instrument. 

224.  The  foregoing  formulse  are  all  that  are  necessary  for 
horizontal  sights,  but  since  the  line  of  colllmation  is  generally 
inclined  more  or  less  to  the  horizon,  it  follows  that  the  stadia 
hairs  will  intercept  a  larger  space  on  the  vertical  rod  than 
that  due  to  the  true  horizontal  distance.  We  therefore  require 
a  formula  for  reducing  inclined  measurements 
to  tlie  horizontal.    Fig.  86. 

Let  a  =  EFG  =  the  angle  of  Inclination  of  the  line  of  colll- 
mation 10; 
"   6  =  CFD  =  the  visual  angle  defined  by  the  stadia  hairs; 
"    8  =  CD  =  space  intercepted  on  a  vertical  rod. 

Then  (Fig.  85), 
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In  Fig.  86 

s  -  CE-DE^  EF]\9Xi.  (a  +  iO)  -  tan  (a  -W] 

while  the  true  value  (for  the  same  distance)  would  be 

C"i)'  =  2^2<'tani0 

Dividing  one  by  the  other  we  derive 

,       G'jy 2tani9 

0      ""  tan  (a  +  ^6)  -  tan  (a  —  ^6) 

By  giving  to  *'  and  I'  —  (/+  ^)  i^  eq.  (337)  their  customary 


Fig.  86. 


values,  'm.y  1  and  100,  we  have  tan  i9  =  .005    . •.  ©  =  34'  22'.63 
and  by  Trig.  Table  II.  70, 


tan  (a  +  iG)  —  tan  (a  —  ^0)  = 


sin  0 


cos  (a  -f"  i®)  cos  (a— ^) 
Since  0  is  small,  we  have  sensibly 

sin  0  =  2  tan  ^0,  and  cos  (a  +  iS)  cos  (a  —  ^6)  =  cos*  a 
and  the  last  equation  reduces  sensibly  to 

G'D' 


8 


=  COS*  a 


(328) 


which  is  the  coefficient  of  reduction  required  by  which 
to  multiply  the  observed  space  « in  case  of  inclined  sights. 

Hence  the  formula  for  distance  (eq.  326)  becomes  in  this  case 
without  sensible  error 


;=100«cos«a+(/+c) 


(329) 


Tables  XVIII.  and  XIX.  have  been  calculated  by  the  exact 
formula  for  the  coefficient. 
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Example.'-Giyen  ;   «  =  8°  20'  and  «  =  9.221:  vhat  is  the 
horizoDtal  distance  to  the  rod? 


Eq.  (329) 
s 
a 


/+^ 


100 
9.221 


902.7 
1.5 


8°  20'  Tab.  XIX 


Am.  904.2  ft. 


log.  2. 
*'    0.964778 
"    9.990780 


2.955558 


The  rodman  should  have  a  disk  level  to  insure  keeping  the 
rod  vertical. 

225.  Another  metliod  of  procedure  is  that  in  which 
the  rod  is  always  held  perpendicular  to  the  line  of  coUimation, 
however  much  inclined  the  latter  may  be.  To  secure  this  posi- 
tion of  the  rod,  a  small  brass  bar  is  attached,  having  sights 
upon  it  through  which  the  rodman  watches  the  instrument 
during  an  observation,  the  line  of  sight  heing  at  right  angles  to 
the  rod.  The  distance  thus  obtained  is  of  course  parallel  to 
the  line  of  coUimation,  and  requires  to  be  reduced  to  the  hori- 
zontal. 

For  this  purpose,  we  have  (Fig.  87). 


or 


Fig.  87. 
IE=  IG  cos  a+BG  sin  a 
I£I=  (100  «+/+  c)  cos  a  +  r  sin  a  (330) 

in  which  r  is  the  reading  of  the  rod  by  the  line  of  coUimation. 
For  the  elevation  of  the  point  B  above  J, 

EB=HG-  GB  cos  a 

->!  J^i?=(100«+/+c)sina-rcosa  (331) 
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When  the  distances  are  sufficiently  gre^t,  correction  must  be 
made  for  curvature  of  the  earth  and  refraction,  as  already  ex- 
plained. 

This  method  is  employed  by  the  topographical  parties  of  the 
U.  S.  Coast  Survey  in  connection  with  the  plane  table.     Their ' 
instruments,  however,  are  so  constructed  as  to  give  distances 
in  metres,  and  heights  in  feet,  requiring  a  modification  of  the 
above  formulae. 


CHAPTER    IX. 

CONSTRUCTION. 

226*  The  en^neer  department  of  a  railway  com. 
pany  is  usually  reorganized  for  the  construction  of  the  road, 
as  follows  :  Chief  engineer.  Division  engineers.  Resident 
engineers,  Assistant  engineers.  On  some  roads  the  division 
engineers  are  styled  "Principal  Assistants;"  the  resident 
engineers,  ''Assistants;"  and  the  assistant  engineers  are  de- 
signated according  to  their  duties,  as  "leveller,"  "  rodman/' 
etc.  \ 

A  resident  engineer  has  charge  of  a  few  miles  of  line, 
limited  to  so  much  as  he  can  personally  superintend  and 
direct.  He  has  one  or  more  assistants  and  an  axman  in  his 
party.  All  instrumental  work  is  done  and  all  measurements 
taken  by  the  resident  engineer  and  his  assistants. 

A  division  engineer  has  charge  of  several  residencies, 
and  inspects  the  progress  of  the  work  on  his  division  once 
or  twice  a  week.  In  his- office,  which  should  be  centrally 
located,  all  maps,  profiles,  plans,  and  most  of  the  working 
drawings  required  on  his  division  are  prepared.  To  him  the 
resident  engineers  make  detailed  reports  once  a  month,  or 
oftener  if  necessary,  which  he  passes  upon  as  to  their  cor- 
rectness, and  from  which  he  makes  up  a  monthly  report,  or 
estimate,  of  the  amount  and  value  of  the  work  done  and  ma- 
terials provided  by  each  contractor  on  his  division.  The  esti- 
mates are  forwarded  about  the  first  of  each  month  to  the 
chief  engineer,  who  examines  and  approves  them,  returning 
for  modification  any  that  seem  to  require  it. 
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The  chief  engineer  has  charge  of  the  entire  work, 
and  directs  the  general  business  of  the  engineer  department. 
He  occasionally  inspects  the  work  along  the  line. 

227*  Clearings  and  Grubbing.  The  first  step  in 
the  work  of  construction  is  to  clear  off  all  growth  of  timber 
withia  the  limits  of  the  right  of  way.  The  resident  engineer 
with  his  party  passes  over  the  line,  making  offsets  to  the  right 
and  left,  and  blazing  the  trees  which  stand  on,  or  just  within, 
the  limits  of  the  company's  property.  The  blazed  spot  is 
marked  with  a  letter  C,  as.  a  guide  to  the  contractor.  After 
feUing,  the  valuable  timber  should  be  piled  near  the  boun- 
dary lines,  to  be  saved  as  the  property  of  the  company.    The 

brushwood  is  burned. 

« 

Where  a  deep  cut  is  to  be  made,  the  stumps  are  left  to  be 
removed  as  the  earth  is  excavated.  In  very  shallow  cuts  and 
fills  the  contractor  will  generally  prefer  to  tear  up  the  trees 
by  their  roots  at  once,  rather  than  to  grub  out  the  stumps 
after  clearing.  Where  the  embankments  will  be  over  three 
feet  high,  grubbing  is  not  necessary:  but  the  trees  require  to 
be  low-chopped,  leaving  no  stump  above  the  roots.  The  engi- 
neer should  indicate  to  the  contractor  the  localities  where  each 
process  is  suitable.  * 

228.  While  the  clearing  is  in  progress,  the  engineer  should 
run  a  line  of  test  levels  touching  on  all  the  benches  to  verify 
their  elevations  ;  he  may  also  rerun  the  centre  line,  replacing 
any  stakes  that  may  have  disappeared,  and  setting  guard  plugs 
to  any  important  transit  points  which  may  not  have  been 
previously  guarded.  If  any  changes  in  the  alignment  have 
been  ordered,  these  may  be  made  at  the  same  time. 

S  229.  Cross  Sections.  The  resident  engineer  is  fur- 
nished with  a  profile  of  the  portion  of  the  line  in  his  charge, 
upon  which  is  plainly  indicated  by  line  and  figures  the  estab- 
lished grade.  From  Lhis  he  calculates  the  elevation  of  grade 
at  each  station,  and  by  subtracting  this  from  the  elevation  of 
the  surface,  he  derives  the  depth  of  cut  or  fill  (-\-  or  —)  to  be 
made  at  each  point.  The  grade  given  on  the  profile  is  that 
which  is  subsequently  called  the  subgrade,  being  the  surface 
of  the  road-bed.  The  final  or  true  grade  is  the  upper  surface 
of  the  ties  after  the  track  is  laid. 
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The  base  of  a  cross  section  is  identical  with  the  width  of  the 
road-bed.  It  is  made  wider  in  cuts  than  in  fills  to  allow  for 
the  side  ditches.  Six  feet  should  be  allowed  in  earth,  and 
four  feet  in  rock  cuts.  The  ratio  of  the  side  slopes 
depends  upon  the  material.  The  usual  slope  ratio  for  earth  is 
1^  horizontal  to  1  vertical  for  both  excavation  and  embank- 
ment. Damp  clay  and  solid  gravel  beds  will  stand  for  a  time 
in  cuts  at  1  to  1,  or  an  angle  of  45°,  but  this  cannot  be  perma- 
nently depended  on.  On  the  other  hand,  fine  sand  and  very 
wet  clay  may  require  slopes  of  If  to  1  or  2  to  1.  Exceptional 
cases  require  slopes  of  3  or  4  to  1.  In  rock  work  the  slopes  are 
usually  made  at  ^  to  1  for  solid,  ^  to  1  for  loose,  and  1  to  1  for 
very  loose  rock,  liable  to  disintegrate.  Rock^emba^kments 
stand  at  1  to  1.       :^  c  //  /      t       /  H^i  iV*^./    > 

230.  All  cross  sections  are  taken  in  vertical  planes  at 
right  angles  to  the  direction  of  the  centre  line.  Figs.  88,  89. 
Formulse* 

Let  b  =  AB,  the  base  of  section,  or  road-bed. 

"*   8  =  -j.fY  =  the  slope  ratio 

'*  d  =  CO  =  the  cut  (or  fill)  at  the  centre  stake. 

"  h=  mi  or  EN  =  the  cut  (or  fill)  at  the  side  stake. 

"  a;  =  CD  =  the  *' distance  out"  from  centre  to  side  stake. 

"  y:m.h^d^KD, 

We  have  at  once  from  the  figures  the  general  formula 

X=:^  +  8h  (332) 

When  the  ground  is  level  transversely; 

h  =  dy  and  x  =  \b-\-  sd. 

For  embankment  use  the  same  formula,  considering  d  or  A  as 
positive  in  this  case  also,  the  figure  being  simply  inverted. 

When  the  ground  is  inclined  transversely; 

h  =  CG  -|-  jD-K'  =z  d-\-y    on  the  upper  side  in  cuts; 

x  =  ib-}-sd'\-sy  (333) 

and  h  =  Ey=d  —  y    on  the  lower  side  in  cuts 

.        .^        «  =  i6  +  «d-«y  (334) 
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For  embankments  use  the  same  f9rmii]Be,  but  apply  eq.  (833)  to 
the  l&wer  side  and  eq.  (334)  to  the  upper  side,  the  figure  beiog 
inverted.  The  points  D  and  B  on  the  ground  are  usually  found 
by  trial,  such  that  the  corresponding  values  of  x  and  y  will 
verify  the  formulae. 

When  the  natural  dope  FD  or  LE  is  uniform  its  ratio  s^  may 
be  found  by  measuring  along  the  section  the  horizontal  dis- 
tance necessary  to  change  the  reading  of  the  rod  1  foot  (or  half 
the  distance  necessary  to  change  it  2  feet,  etc.).  Then,  having 
found  the  depths  of  cut  (or  fill)  at  F&nd  L,  distant  ^  from  the 
centre  G,  we  have 

BE  =  sh  =  s\h  -  BF) 

and  AN^sh^  s\AL  -  h) 

From  these  we  have,  for  the  upper  side  in  cuts,  and  lower  side 
In  fills. 

h  =  j^^BF  r.  x=z:^h  +  -^BF         (335) 
also,  for  the  lower  side  in  cuts,  and  upper  side  in  fills, 

h  =  j^AL  .-.  x  =  ib  +  -^AL         (336) 


We  also  have 


and 


h-^BF=-r^—BF 

s  -^  s 


AL-^h  =  —±—AL 


(337) 


«'  +  « 

whence  the  points  D  and  ^may  be  found  by  the  level. 

But  points  B  and  E  thus  calculated  should  have  their  posi- 
tions verified  by  the  general  formula,  eq.  (332),  lest  the  slope 
«'  may  not  have  been  perfectly  uniform. 

When  the  natural  sfwrfaee  intersects  the  base  between  the 
points  A  and  By  the  section  is  said  to  be  in  side  hill  work, 
Fig.  90.  Both  portions  of  the  section  are  then  determined  by 
eq.  (333),  or  where  the  slope  s'  is  regular,  by  eq.  (335)  measuring 
In  every  case  from  the  centre  stake  C;  but  observing  that 
when  the  centre  is  in  cut  and  one  side  in  fill,  or  mce  versa,  that 
d  must  be  considered  negative  for  that  side,  whence  eq.  (333) 
becomes  for  this  case 

x^r^b"  sd  +  »y  (333)' 
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/  231.  Staking  out  Garthwork.  Beginning  at  a 
^  point  on  the  centre  line  wliere  tlie  grade  cuts  ttie  natural  sur- 
face, the  engineer  drives  a  grade  stake  (marked  0.0)  and  notes 
the  point  in  the  cross-section  book.  If  the  line  of  intersection 
of  the  road-bed  and  surface  would  make  an  acute  angle  with 
the  centre  line,  he  also  finds  the  points  where  the  edges  of  the 
proposed  road-bed  will  intersect  the  surface,  drives  grade 
stakes,  and  also  stakes  out  a  cross  section  through  each  of 
those  points,  if  necessary. 

Then  advancing  to  the  next  point  on  the  centre  line  where 
a  section  is  required,  he  finds  its  elevation  with  the  level  (veri- 
fying or  correcting  the  elevation  taken  on  the  location),  calcu- 
'lates  the  depth  of  cut  or  fill  CG,  which  is  then  marked  upon 
the  back  of  a  stake  there  driven;  a  cut  being  designated  by  G 
anda^by  i'T 

]f  the  ground  is  level  transversely  (Fig.  88),  he  calculates  x  by 

Ji*  C  D 


A  G  B 

FiQ.  88. 


H\ 


eq.  (332)  and  lays  off  this  distance  at  right  angles  to  the  centre 
line,  drivmg  slope  stakes  at  the  pomts  I)  and  E,  marked  with 
the  depth  of  cut  or  fill.    The  marked  side  of  slope  stakes  should 
face  the  centre  line. 
Jfthe  ground  is  inclined  transversely  (Fig.  89),  he  first  measures 


Fig.  89. 

the  distance,  |&,  to  F,  and  finds  the  depth  BFtov  record.  He 
then  proceeds  to  find  the  point  D.  If  the  natural  slope  be  uni- 
form, D  may  be  found  by  eq.  (385)  or  (337),  verifying  the  result 
hy  eq.  (332).  The  point  E  of  the  other  slope  may  be  found 
similarly,  using  eq.  (336)  or  eq.  (337);  verifying  by  eq.  (832). 
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232.  If  the  ground  be  irregular,  the  depth  of  cut  or  fill  is 
found  uot  only  at  the  centre  and  edges  of  the  road-bed,  but 
also  at  every  other  point  along  the  cross  section  where  the  sur- 
face dope  changes,  all  of  ivhich  depths  are  recorded,  together 
with  their  respective  distances  from  the  centre.  To  find  the 
point  D :  assume  a  point  supposed  to  be  near  D,  and  there 
take  a  reading  of  the  rod.  The  difference  of  the  readings  at 
that  point  and  at  G  equals  y'  for  that  point,  which  inserted  in 
eq.  (333)  gives  a  value  x'.  If  x'  agrees  with  the  horizontal  dis- 
tance of  the  assumed  point  from  G,  the  true  position  of  D  has 
been  found.  If  x'  be  greater  than  this,  by  subtracting  the  eq. 
3i  =  \h-\-sd-\-»y'  from  eq.  (333)  we  derive 

aj  =  ir'  +  s(y-y)  (338) 

the  last  term  of  which  shows  the  correction  to  be  added  to  x\ 
Kow  in  advancing  from  the  assumed  point  to  the  extremity  of 
x\  the  rise  of  the  surface  is  approximately  (y  —  y'),  and  if,  in 
going  the  additional  distance,  s{y  —  y),  a  further  rise  is  en- 
countered, this  last,  multiplied  by  «,  must  also  be  added  to  x\ 
and  so  on  until  the  additional  advance  make^  no  change  in  the 

I  value  of  y.    The  point  thus  found,  verified  by  eq.  (332),  is  the 

\  point  D  required. 

But  if  x'  be  less  than  the  distance  of  the  assumed  point  from 
C,  we  have 

ar  =  «'-«(y'-y)  (338)' 

the  corrections  being  subtractive. 

The  point  E  on  the  other  slope  is  found  in  a  similar  manner, 
using  eq.  (334)  for  the  value  of  x  ;  if  «'  be  greater  than  the  as- 
sumed distance,  we  have 

a?  =  a?'  -  «(y  -  y')  (339) 

the  corrections  being  svJbtraciive  ;  but  if  x'  be  less  than  the  as. 

sumed  distance, 

«=a?'  +  «(y'-y)  .  (339)' 

the  corrections  being  additive, 

^  233.  In  side-hill  work  (Fig.  90)  proceed  in  the  same 
manner,  using  eqs.  (333)  or  (333)'  and  (338)  in  all  cases  of  un- 
even ground.  When  the  surface  slope  s'  is  uniform,  eq.  (335) 
may  be  used,  if  preferred,  on  either  side.    In  addition  to  the 
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centre  and  side  stakes,  a  grade  stake  is  driven  at  the  point  0, 
-where  the  surface  intersects  the  grade,  the  stake  facing  down 
hill. 

ToflTid  a  grade  paini,  set  the  target  to  a  reading  equal  to  the 
height  of  instrument  le^  the  elevation  of  grade,  and  stand  the 
rod  at  various  points  along  the  given  line  until  the  target  coin- 
cides with  the  line  of  collimation. 

23L 


^ 
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234.  When  two  materials  are  found  in  the  same  section, 
as  rock  overlaid  with  earth,  each  material  requires  its  own 
slope,  and  a  compound  section  is  the  result.  To  stake 
out  work  of  this  desanption,  the  depth  of  earth  to  the  rock  must 
be  known,  and  may  be  nearly  ascertained  by  reference  to  an 
adjacent  section  already  excavated.    Fig.  91. 


Let  «!  be  the  depth  of  earth  at  C 
**   aa      '*  "  *'       Pot  Q 

**    «i  be  the  ratio  of  rock  slope 
**    Si     *'.  **       earth  slope 


Then  x  =  ib-\-  8x{d  —  ax  ±  y^)  +  «,(a9  ±  y,) 


(340) 


in  which  yx  =  difference  of  rod  readings  on  the  rock  at  C  and 
Dxy  or  G^  and  Ex\  and  ya  =  difference  of  rod  readings  on  the 
surface  at  P  and  Da,  or  at  Q  and  E^.  The  upper  sign  applies 
to  the  upper  side,  the  lo>ver  sign  to  the  lower. 
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It  is  better,  however,  to  make  an  indefinite  cross  profile  at 
first,  driving  two  reference  stakes  quite  beyond  the  section 
limits;  and  when  the  contractor  has  removed  the  earth  from 
between  2>i  and  Ex,  indicate  to  him  those  exact  points  by 
marks  on  the  rock,  and  also  set  the  slope  stakes  at  D^  and  E^. 

235.  The  frequency  with  which  cross  sections  should 
be  taken  depends  entirely  upon  the  form  of  the  surface;  where 
this  is  regular,  a  section  at  each  station  is  sufficient.  A  cross 
section  should  be  taken,  not  only  at  every  point  on  the  centre 
line  where  there  is  an  angle  in  the  profile,  but  also  wherever 
an  angle  would  be  found  in  the  profile  of  a  line  joining  a  series 
of  slope  stakes  on  either  side,  even  though  the  profile  of  tho 
centre  line  maybe  quite  regular  at  the  corresponding  point: — 
the  object  being,  not  only  to  indicate  the  proper  outlines  of 
the  earthwork,  but  to  furnish  the  data  necessary  to  calculate 
correctly  the  quantities  of  material  removed.  Rockwork  will 
generally  require  more  frequent  sections  than  earthwork. 

230.  Vertical  Corves. — The  grades  as  given  on  the 
profile  are  right  lines,  which  intersect  each  other  with  angles 
more  or  less  abrupt.  These  angles  require  to  be  replaced  by 
tertical  curves,  slightly  changing  the  grade  at  and  near  the 
point  of  intersection.  A  vertical  curve  rarely  need  extend 
more  than  200  feet  each  way  from  that  point.    Fig.  92. 


Let  AB,  BC,  be  two  grades  in  profile,  intersecting  at  station 
B,  and  let  A  and  C  be  the  adjacent  stations.  It  is  required  to 
join  the  grades  by  a  vertical  curve  extending  from  A  to  G. 
Suppose  a  chord  drawn  from  A  to  0; — the  elevation  of  the 
middle  point  of  the  chord  will  be  a  mean  of  the  elevations  of 
grade  at  A  and  C;  and  one  half  of  the  difference  between  this 
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and  the  elevation  of  grade  at  B  will  be  the  middle  ordinate  of 
the  curve.    Hence  we  have 

M  =  i  {s^l±pl?A^  _  g,,de  b)  ■     (841) 

in  which  M  =  the  correction  in  grade  for  the  point  B.  The 
correction  for  any  other  point  is  proportional  to  the  square  of 
its  distance  from  A  or  G.  Thus  the  correction  at  J.  -|-  25  is 
-i^M'y  at  A-\-^Q  it  is  ^M\  at  J.  -f  75  it  is  x*^-3f;  and  the  same 
ior  corresponding  points  on  the  other  side  of  B.  The  correc- 
tions in  the  case  shown  are  subtractive,  since  M  is  negative. 
They  are  additive  when  M  is  positive,  and  the  curve  concave 
upward. 

These  corrections  are  made  at  the  time  the  cross  sections 
are  taken,  and  the  corrected  grades  are  entered  in  the  field- 
book  opposite  the  numbers  of  the  respective  stations. 

237.  Form  of  Field-book.— A  complete  record  of 
all  cross-section  work  is  kept  in  the  cross-section  book. 
On  the  left-hand  page  is  recorded,  in  the  first  column,  the 
numbers  of  the  stations  and  other  points  where  sections 
are  taken;  in  tlie  second,  the  elevations  of  those  points,  copied 
in  part  from  the  location  level-book,  but  verified  or  corrected 
at  the  time  the  section  is  taken ;  in  the  third,  the  elevation  of 
the  grade  for  the  same  points;  in  the  fourth,  the  width  of 
base  5;  in  the  fifth,  the  slope  ratios,  s-,  and  in  the  sixth,  the 
surface  ratio  s'  when  uniform.  The  right-hand  page  has  a 
central  column,  in  which,  and  opposite  the  number  of  the 
station,  is  recorded  the  centre  depth  of  the  section,  marked 
+  or  —  ,  to  indicate  cut  or  fill,  as  the  case  may  require. 
To  the  right  of  this  are  recorded  the.  notes  of  that  portion  of 
the  section  which  lies  on  the  right  of  the  centre  line,  as  the 
line  was  run,  and  to  the  left,  the  notes  of  the  left  side.  The 
distance  from  the  centre  to  each  point  noted  is  recorded  as 
the  numerator  of  a  fraction,  and  the  cut  or  fill  at  the  point 
as  the  denominator,  prefixed  by  a  +  or  —  as  the  case  may 
require.  The  denominator  for  a  grade  point  is  zero.  The 
numbers  of  the  stations  should  increase  up  the  page,  as  in  a 
transit  book,  so  that  there  may  be  no  confusion  as  to  the  right 
and  left  side  of  the  line.  The  several  points  being  noted  in 
order  as  they  occur  from  the  centre  outwards,  the  notes  far- 
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thest  from  the  centre  of  the  page  usually  appertain  to  the 
slope  stakes;  but  in  case  the  cross  profile  is  extended  beyond 
the  slope  stake,  the  note  of  the  latter  should  he  surrounded  by 
a  circle  to  distinguish  it.  The  following  form  is  a  specimen 
of  a  right-hand  page,  with  the  first  column  only  of  the  left- 
band  page: 


sta. 

Cross 

Sections. 

an 

2f3.9      16.6       10         5 

0 

10         80         88         66.6 

83 

4-  8.6  +14  +17.7  +81 

+21.5 

+20.8+85.6+88.8    +30.4 

1     i>/\ 

17.6       10         4 

0 

10         84       43.6 

■f  60 

+  5.0  +  10  +18.2 

+  14 

+14.7+20.1  +21.7 

8S 

14.2       10 

0 

6          10       31.6 

+  2.8  +-  5.4 

+  9.4 

4-8.5+11.6+14.4 

+  88 

10 
0 

0 

+  2.8 

10       19.3 
+  8.8  +  6.8 

4-27 

0 

+  19 

21.7       7 

0 

10 

-  9.8-5.6 

-  4.7 

0 

85.9       7 

0 

7          16 

81 

-12.6-11.8 

-12 

-10.6  -  6.8 

33.4       7 

0 

7          18       25.6 

oO 

-17.6  -16.4 

-17.6 

-19.6  -19.1  -12.4 

238.  In  case  there  is  a  liability  to  land-slips,  the  profiles 
of  cross  sections  should  be  carried  beyond  the  slope  stakes, 
on  the  upper  side  of  the  cut,  to  any  distance  thought  neces- 
sary to  reach  firm  ground,  and  stakes  driven  for  future  refer- 
ence. When  a  number  of  consecutive  cross  profiles  are  to  be 
considerably  extended,  it  is  well  to  first  run,  instrumentally, 
a  line  parallel  to  the  centre  line,  and  set  stakes  opposite  the 
stations,  taking  their  elevations.  The  intermediate  surface  of 
the  sections  may  then  be  taken  with  cross-section  rods  if  more 
convenient.     See  §  37. 


239.  In  case  of  inaccessible  g^i'oand,  preventing  a 
regular  staking  out,  an  indefinite  profile  of  the  section  may 
generally  be  obtained,  referred  to  the  datum  for  elevation  and 
to  the  centre  line  for  position,  which  being  plotted  on  cross- 
section  paper,  and  the  grade  line  and  side  slopes  added,  shows 
to  scale  where  the  slope  stakes  should  be. 
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\l  240.  Any  isolated  mass  of  rock  or  earth  which  oc- 
curs within  the  limits  of  the  slope  stakes,  but  not  included  in 
the  regular  motes,  is  separately  measured  and  noted,  so  that 
its  contents  may  be  computed  and  added  to  the  sum  of  the 
same  material  found  in  the  cross  sections. 

\  241.  Borrow-pits.— When  the  excavations  will  not 
Suffice  to  complete  the  embankments,  material  may  be  taken 
from  other  localities,  termed  horrow-pits.  These  should  be 
staked  out  by  the  engineer  and  their  contents  calculated, 
unless  the  contractor  is  to  be  paid  for  work  by  embankment 
measurements.  A  number  of  cross  profiles  are  takeu  of  the 
original  surface,  and  (on  the  same  lines)  of  the  bottom  of  the! 
pit  after  it  is  excavated,  which  furnish  the  depth  of  cutting 
at  each  required  point.  Borrow-pits  should  be  regularly  ex- 
cavated, so  that  they  may  not  present  an  unsightly  appear-| 
ance  when  abandoned.  Borrow-pits  may  be  avoided  by 
widening  the  cut  uniformly  at  the  time  it  is  staked  out,  so 
that  it  may  furnish  suflicient  material ;  provided  the  material 
is  suitable,  the  embankment  accessible,  and  the  distance  not 
too  great.  When  the  excavation  is  in  excess,  the  surplus  ma- 
terial should  be  uniformly  distributed  by  widening  the  adja- 
cent embankments,  if  possible;  otherwise  it  is  deposited  at 
convenient  places  indicated  by  the  engineer  and  is  said  to  be 
wasted, 

242.  Shrinkage.— In  estimating  the  relative  amounts  of 
excavation  and  embankment  required,  allowance  must  be  made 
for  diflFerence  in  the  spaces  occupied  by  the  material  before  ex- 
cavation and  after  it  is  settled  in  embankment.  The  various! 
earths  will  be  moj^e  compact  in  embankment,  rock  less  so.  Th^ 
difference  in  volume  is  called  shrinkage  in  the  one  case,  and 
increase  in  the  other. 

Shrinkage  in  1000  cu.  yds. 
^  Material.  Of  excavation.    Of  settled  embkt 

Sand  and  gravel 80  C.  Yds.  87  C.  Yds. 

Clay 100    *'  111     ** 

Loam 120    '*  136     " 

Wet  soil 150    ••  200    ** 

Increase  in  1000  cu.  yds. 

Rock,  large  fragments 600  C. Yds.         375  C.  Yda 

**     medium  fragments 700    **  413     ** 

*'     small  •       800    "  444     " 
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Thus,  an  excavation  of  sand  and  gravel  measuring  1000  cubic 
yards  will  form  only  about  920  cubic  yards  of  embankment;  or 
an  embankment  of  1000  cubic  yards  will  require  1087  cubic 
yards  of  sand  or  gravel  measured  in  excavation  to  fiU  it ;  but  will 
require  only  587  cubic  yards  of  rock  excavation,  the  rock  being 
broken  into  medium-sized  fragments;  while  1000  cubic  yards 
of  the  latter,  measured  in  excavation,  will  form  1700  cubic 
yards  of  embankment. 

The  lineal  settlement  of  an  earth  embankment  will  be 
about  in  the  ratio  given  above,  therefore  the  contractor  should 
be  instructed  in  setting  his  poles  to  guide  him  as  to  the  height 
of  grade  on  an  earth  embankment,  to  add  10  per  cent  (average) 
to  the  fill  marked  on  the  stakes.  In  rock  embankments  this 
is  not  necessary.  The  engineer  should  see  that  all  embank- 
ments are  made  full  width  at  first,  out  to  the  slope  stakes,  and 
by  measure  at  or  above  grade,  so  that  the  whole  may  settle  in 
a  compact  mass.  Additions  to  the  width  made  subsequently 
are  likely  to  slide  off. 

243.  The  cross-section  notes  should  be  traced  in  ink  at  the 
first  opportunity  to  secure  their  permanence.  An  office  copy 
should  also  be  made  to  serve  in  case  of  loss  or  damage  to  the 
original. 

24:4.  Alteration  of  Line. — Inasmuch  as  the  centre  line 
at  grade  is  the  base  of  reference  for  all  measurements  and  cal- 
culations in  earthwork,  any  change  made  in  it  after  the  work 
of  grading  has  begun  should  be  most  carefully  recorded  and 
explained.  The  centre  stakes  of  the  old  line  should  be  left 
standing  until  after  the  new  line  is  established,  so  that  the  per- 
pendicular offset  from  the  old  Ime  to  the  new,  at  each  station, 
may  be  measured,  as  also  the  distance  that  the  new  station  may 
be  in  advance  of,  or  behind  the  old  one.  The  date  of  the  change 
should  be  recorded.  The  original  cross  sections  are  extended 
any  amount  requisite,  the  distance  out  being  still  reckoned  from 
the  old  centre,  while  a  marginal  note  states  the  amount  by  which 
the  centre  has  been  shifted. 

Tlie  difference  in  length  of  the  lines  will  make  a  long  or  short 
station  at  the  point  of  closing.  The  exact  length  of  such  a 
station  should  be  recorded,  so  that  it  may  be  observed  in  re- 
tracing the  line  at  any  time,  and  in  calculating  the  quantity  of 
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earthwork.  The  original  transit  notes  of  the  altered  line  should 
be  preserved,  but  marked  as  ** abandoned, "with  a  reference  to 
the  notes  of  the  new  line  on  another  page. 

245.  Drains  and  Culverts,— The  engineer  should  ex 
amine  the  nature  and  extent  of  each  depression  in  the  profile 
with  reference  to  the  kind  of  opening  required  for  the  passage 
of  water.  For  small  springs,  and  for  a  limited  surface  of  rain- 
fall, cement  pipes,  in  sizes  varying  from  13  to  24  inches  diame- 
ter, serve  an  excellent  purpose  as  drains.  These  are  easily  laid 
down,  and  if  properly  bedded,  with  the  earth  tamped  about 
them,  are  very  permanent;  but  their  upper  surface  should  be 
at  least  2^  feet  below  grade.  The  embankment  is  protected  at 
the  upper  end  of  the  drain  by  a  bit  of  vertical  wall,  enclpsing 
the  end  of  the  pipe.  If  necessary,  a  paved  gutter  may  lead  to 
it. 

Where  stone  abounds,  the  bed  of  a  dry  ravine  may  be  partly 
filled  with  loose  stone,  extending  beyond  the  slopes  a  few  feet, 
which  will  prevent  the  accumulation  of  water. 

When  the  flow  of  water  is  estimated  to  be  too  great  for  two 
lines  of  the  largest  cement  pipe,  or  when  the  embankment  is 
too  shallow  to  admit  them  safely,  a  culvert  is  required.  A 
pavement  is  laid  one  foot  thick,  protected  by  a  curb  of  stone 
or  wood  3  feet  deep  at  each  end,  and  wide  enough  to  allo^r  the 
walls  to  be  built  upon  it.  It  should  have  a  uniform  slope,  usu- 
ally between  the  limits  of  60  to  1  and  100  to  1  to  ensure  the 
ready  flow  of  water.  In  firm  soils  the  foundation  pit  is  exca- 
vated one  foot  below  the  bed  of  the  stream,  but  if  mud  is  found 
this  must  be  removed  and  the  space  filled  with  riprap,  the  up- 
per course  of  which  is  arranged  to  form  the  pavement  at  the 
proper  level.  In  a  V-shaped  ravine,  requiring  too  much  ex- 
cavation at  the  sides,  and  where  the  fall  is  considerable,  riprap 
may  be  used  to  advantage,  the  bed  of  the  stream  above  the 
culvert  being  graded  up  by  the  same  material  to  meet  the  pave- 
ment. In  some  cases  a  curtam,  or  cross  wall,  is  necessary  on 
the  lower  end  to  retain  the  riprap. 

Culverts  should  be  laid  out  at  right  angles  to  the  centre  line 
whenever  practicable,  the  bed  of  the  stream  being  altered  if 
necessary.  The  length  of  an  open  culvert  is  the  entire  distance 
between  slope  stakes,  the  walls  being  parallel  throughout,  or 
the  length  may  be  taken  somewhat  less  than  this,  and  the  w/dls 
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turned  at  right  angles  on  the  upper  end,  forming  a  facing  to 
the  foot  of  the  slope.  The  walls  are  carried  up  to  grade  for 
the  width  of  the  road-bed,  and  are  stepped  down  to  suit  the 
slopes.    A  course  is  afterwards  added  to  retain  the  ballast. 

In  box  culverts  the  span  varies  from  2  to  5  feet,  the  height 
10  the  clear  from  2  to  6  feet;  the  thickness  of  walls  from  8  to 
4  feet;  the  thickness  of  cover  from  12  to  18  inches,  and  its 
length  at  least  2  feet  greater  than  the  span.  The  walls  terminate^ 
in  short  head-walls  built  parallel  to  the  centre  line,  the  top^l 
course  being  a  contmuation  of  the  cover.  The  length  of  a 
head- wall,  measured  on  the  outer  face,  is  equal  to  the  height  of 
the  culvert  in  the  clear  multiplied  by  the  slope  ratio  of  the 
embankment.  The  perpendicular  distance  from  the  centre 
line  to  the  face  of  a  head- wall  is  equal  to  one  half  the  road-bed, 
plus  the  depth  of  the  top  of  the  wall  below  grade  multiplied  by 
the  slope  ratio,  or  lb  -f-  «^.     A  coping  is  sometimes  added. 

240.  Arch  culverts  are  used  when  the  span  required  is 
I  more  than  5  feet,  and  the  embankment  too  high  to  warrant 
I  carrying  the  walls  up  to  grade  as  an  open  culvert.  The  span 
'  varies  from  6  to  20  feet;  the  arch  is  a  semicircle,  the  thickness 
varying  from  10  or  12  niches  to  18  or  20  inches.  The  height 
of  abutments  to  the  springing  line  varies  from  2  to  10  feet,  the 
thickness  at  the  springing  line  from  3  to  5  feet,  and  at  the  base 
from  3  to  6  feet,  the  back  of  the  abutment  receiving  the  batter. 
The  foundations  are  laid  broader  and  deeper  than  in  box  cul- 
verts, each  abutment  having  its  own  pit,  carried  to  any  depth 
found  necessary.  The  half  length  of  the  culvert  is  lb  -f-  «^,  in 
which  k  Is  the  depth  of  the  crown  of  the  arch  below  grade. 
The  abutments  are  carried  up  half  way  from  the  spring  to  tlie 
level  of  the  crown  of  the  arch,  and  thence  sloped  off  toward 
the  crown.  The  face  walls  are  carried  up  to  the  crown,  and 
coped.  The  wing  walls  stand  at  an  angle  of  30°  with  the 
axis  of  the  culvert;  they  receive  a  batter  on  the  face,  and  are 
stepped  (or  sloped)  down  to  suit  the  embankment.  Their 
thickness,  at  the  base,  is  the  same  as  that  of  the  abutment;  at 
the  outer  end  3  feet.  They  stop  about  3  feet  short  of  the  foot 
of  the  slope.    They  need  not  be  curved  m  plan. 

Any  stone  structure  of  dimensions  greater  than  those  given 
above,  scarcely  comes  under  the  head  of  culverts,  and  should 
be  made  the  subject  of  a  special  design  by  the  engineer. 
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247.  Staking  out  Foundation  Pits.— For  1>ox 
culverts. — The  engineer  having  decided  upon  the  size  of  cul- 
vert required,  makes  a  diagram  of  it  in  plan,  on  a  page  of  his 
masonry  book,  recording  all  the  dimensions,  stating  the  sta- 
tion and  plus  at  which  its  centre  is  taken,  the  span  and  height 
of  the  opening,  etc.  He  then  sets  the  transit  at  the  centre  -4, 
Fig.  93,  measures  the  angle  between  the  centre  line  and  axis. 


Fia.  93. 


(making  it  90°  if  practicable);  on  the  axis  he  lays  off  the  dis- 
tances to  the  ends  of  the  culvert  and  drives  stakes  at  B  and  G. 
Perpendicular  to  BG  he  lays  off  the  half  widths  of  the  pit,  set- 
tmg  stakes  at  D  and  E,  and  laying  off  Di^and  EH  =  AB\  and 
DO  and  EI  rz  AG.  On  10  produced  he  lays  off  GJ=  GK,  and 
perpendicular  to  this  JM  and  KL,  and  finds  the  intersections 
0  and  N.  A  stake  is  driven  at  each  angle,  and  upon  it  is 
marked  the  cut  required  to  reach  the  assumed  level  for  the 
foundation.  These  cuts  are  recorded  on  the  corresponding 
angles  of  the  diagram.  The  pit  is  thus  no  larger  than  the 
plan  of  the  proposed  masonry,  and  the  sides  are  vertical,  which 
answers  the  purpose  for  shallow  pits. 

For  arch  culverts.—The  pit  for  each  abutment  when 
shallow  may  be  of  the  same  dimensions  as  the  lower  founda- 
tion course  ;  if  more  than  five  feet  deep,  it  should  be  enlarged 
by  an  extra  space  of  one  foot  all  aroimd.    In  Fig.  94  the  inside 
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lines  show  the  plan  of  the  abutments  at  the  neat-lines ;  the 
outside  lines  represent  the  pits.  Having  prepared  a  plan  of 
the  structure  suited  to  the  locality,  and  made  a  diagram  of 
the  same  in  the  masonry  book,  set  the  transit  at  A,  and  drive 
stakes  at  i),  E^  N  and  0  on  the  centre  line.  Then  turning  to 
the  axis  BG,  lay  off  AG^  and  set  stakes  at  G  and  /.  With  B 
as  a  centre,  and  a  radius  equal  to  2i>^,  describe  on  the  ground 
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an  arc  cutting  EI  in  X  or  {IX  =  DE .  cot  30°)  may  be  calcu- 
lated; and  on  XG  produced  lay  off  OK,  and  perpendicular  to 
this,  KL.  From  N  lay  off  NP,  parallel  to  AG,  and  measure 
PL  as  a  check.  Drive  a  stake  at  each  angle,  marked  with  the 
proper  cutting,  and  record  the  same  on  the  diagram.  The 
locality  may  require  the  wings  to  be  of  different  lengths  and 
angles,  of  which  the  engineer  will  judge.  Guard-plugs  should 
be  driven  m  hne  with  the  intended  face  of  one  or  both  abut- 
ments, so  that  the  neat-lmes  can  be  readily  given  when  re- 
quired. In  case  the  material  is  not  likely  to  stand  vertically, 
the  pit  must  be  staked  out  with  sloping  sides,  as  described 
below. 

For  bridge  abutments.— A  design  for  every  impor- 
tant structure  Is  usually  prepared  in  the  office  after  a  survey 
of  the  site.  The  foundation  pit  is  then  laid  out  from  dimen- 
sions furnished  on  a  tracing,  but  a  diagram  of  the  pit  should  l)e 
made  in  the  masonry  book  as  usual.  W}ie7i  tlie  Mdge  is  on  a  tan- 
gent. Pig.  95,  set  the  transit  at  A  on  the  centre  line  at  Its  inter- 
section with  the  axis  BG  of  the  abutmenta^^Ac  level  of  the  seat. 
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Deflect  from  the  tangent  the  angle  giving  the  direction  of  BC, 
and  lay  off  AG,  AB,  setting  plugs  at  B  and  (7,  and  reference 
plugs  (two  on  each  si<le)  on  BC  produced.  After  staking  out 
the  sides  of  the  pit  parallel  to  BG,  set  the  transit  at  C^  and 
deflect  the  angle  for  tlie  wing,  laying  off  GD,  and  driving 
stakes  at  the  corners  E  and  F.  Two  reference  points  are 
then  set  on  the  line  GD  produced.    The  other  wing  being 


Fio.  95. 

Staked  out  in  the  same  manner,  the  cut  is  found  at  each  stake 
and  marked  and  recorded.  Cross  sections  are  then  taken  near 
each  corner,  perpendicular  to  each  sida,  and  slope  stakes 
(marked  "slope")  are  driven  where  the  slope  runs  out.  Inter- 
mediate sections  are  taken  when  the  unevenness  of  the  ground 
makes  it  necessary,  and  the  lines  joining  the  slope  stakes  are 
produced  to  intersect,  and  other  stakes  are  driven  at  the  inter- 
sections. The  position  of  each  stake  is  shown  on  the  diagram, 
and  the  cut  recorded. 

9  A  slope  of  1  to  1  is  usually  sufficient  for  pits.  If  the  material 
.will  not  stand  at  1^  to  1,  or  if  space  cannot  be  spared  for  the 
'slope,  the  sides  may  be  carried  down  vertically,  supported  by 
sheet  piling  braced  from  within. 

The  reference  points  should  be  so  chosen  that  the  points  -4, 
B  and  G  may  be  found  by  intersection,  on  any  course  of  the 
masonry,  during  the  progress  of  construction. 

Wlien  the  bridge  is  on  a  curve,  the  bridge-chord 
should  be  found  and  the  abutments  laid  out  from  this.  Fig.  96. 
The  bridge-chord  is  a  line  AB,  midway  between  the  chord  of 
the  curve  GD,  joining  the  centres  of  the  abutments,  and  a  tan- 
gent to  the  curve  at  the  middle  point  of  the  span.     Hence 
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CA  r=  DB  =  ^iOT,  which  may  be  laid  off,  and  A  and  B  are 
the  true  centres  of  the  abutments,  from  which  the  foundations 
are  staked  out  as  before. 

The  distance  CE  :;=  DF  to  the  points  where  the  bridge-chord 
cuts  the  curve  is  0.147  CD. 

Bhould  an  abutment  site  on  a  curve  be  inaccessible,  &>  when 


Fig.  96. 

nnder  water,  from  any  transit  point  Pon  the  curve  lay  off.  PX 
perpendicular  to  the  tangent  at  if,  observing  that 

PX=  MQ  —  AG=B (vers  PM-  i mrs  CM) 
and         AX-PQ  -  iAB  =  B(8in PM-^  \GD) 

The  point  A  may  then  be  found  by  intersection,  or  by  direct 
measurement  with  a  steel  tape  or  wire,  driving  a  long  stout 
stake  to  show  the  point  above  the  water.  Other  points  may 
then  be  approximately  found,  sufficient  to  begin  operations. 

In  case  of  a  bridge  of  several  spans,  the  piers  are  laid  out  in 
the  same  manner,  from  a  centre  point  and  axis.  If  on  a  curve, 
each  span  has  its  own  bridge-chord,  but  for  convenience,  the 
centre  of  a  pier  may  be  taken  on  the  centre  line  during  its  con- 
struction, and  the  bridge-chord  only  found  for  the  purpose  of 
placing  the  bridge;  the  piers  being  long  enough  to  allow  of  the 
shift. 
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To  locate  the  centres  of  piers,  a  base  line  is  re- 
quired  on  one  or  both  shores,  and  two  transits  aire  used  to  give 
the  intersections  by  calculated  angles.  When  practicable  the 
spans  should  also  be  measured  with  a  steel  tape  or  wire. 

The  bed  of  a  pit  for  any  sort  of  structure  should 
receive  the  closest  scrutiny  of  the  engineer,  it  being  his  duty 
to  judge  whether  the  material  will  resist  the  load  to  be  im- 
posed upon  it.  A  pit  may  require  to  be  excavated  to  a  greater 
depth  than  first  ordered,  while  sometimes  a  less  depth  will 
answer,  as  when  solid  rock  is  found.  When  a  good  material 
is  reached,  if  any  doubt  exist  as  to  its  thickness,  or  as  to  the 
character  of  the  underlying  stratum,  borings  should  be  made 
or  sounding  rods  driven  down.  Piles  may  be  driven  to  gain 
the  requisite  firmness,  and  a  layer  of  riprap,  of  beton,  or  of 
timber  may  be  used  to  afford  a  uniform  bearing.  When  satis- 
fied of  the  stability  of  the  bed,  the  engineer  finds  the  original 
centres,  and  gives  points  for  the  courses  of  masonry.  A  com- 
plete record  is  kept  of  the  amount  and  kind  of  excavation,  the 
materials  used  in  foundation  under  the  masonry,  and  of  the 
size  and  thickness  of  each  foundation  course  of  masonry ;  the 
notes  should  be  taken  at  tlie  time  the  work  is  done,,  it  being 
generally  impossible  to  take  measurements  thereafter. 

248.  Cattle-guards  are  shallow  pits  placed  at  right 
angles  across  the  road  at  the  fence  lines  to  prevent  the  passage 
of  cattle.  They  are  either  entirely  open,  in  which  case  they 
should  be  at  least  4  feet  deep,  or  they  are  covered  in  part  with 
wooden  rails  laid  a  few  inches  apart.  The  open  guard  is 
preferred.  It  is  built  like  an  open  culvert  except  that  no 
pavement  is  required.  The  stringers  carrying  the  rails  over 
any  opening  should  be  no  longer  than  the  span  plus  the  thick- 
ness of  the  walls. 

249.  Trestle  Work. — No  wooden  culverts  should  ever 
be  used.  If  stone  cannot  be  had  at  first,  two  trestle  bents  may 
be  erected,  leaving  between  them  a  space  sufficient  to  contain 
the  stone  structure  to  be  built  when  the  material  for  it  can  be 
brought  by  rail.  The  bents  may  be  backed  by  plank  to  retain 
the  embankment,  and  the  stringers  are  then  notched  down  an 
Inch  on  the  caps  to  receive  the  pressure  of  the  earth,  and 
render  the  bents  mutually  sustaining.  The  sills  are  prevented 
from  yielding  to  the  pressure  of  the  earth  by  being  sunk  in 
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a  trench,  or  by  sheet  piling.  Should  the  span  be  too  long,  a 
central  bent  may  be  used,  so  as  not  to  interfere  with  buildiDg 
the  wall.  Sometimes  pile-bents  may  be  used  with  greater  ad- 
vantage, the  piles  being  driven  in  rows  of  four  each,  and  cap- 
ped to  receive  the  stringers.  In  districts  where  suitable  stone 
is  entirely  wanting,  pile  or  trestle  abutments  and  piers  are 
used  for  the  support  of  bridges,  the  piles  or  posts  being 
arranged  in  groups  and  capped  to  receive  the  direct  weight  of 
the  trusses.  They  should  not  sustain  the  embankment,  but 
should  be  connected  with  it  by  a  short  trestle  work. 

Trestle  work  is  frequently  used  as  a  substitute  for  embank- 
ment^ either  to  lessen  the  first  cost,  or  to  hasten  the  completion 
of  the  line,  or  for  lack  of  suitable  material  with  which  to  form 
an  embankment.  The  cost  of  trestle  work,  however,  is  not 
less  than  that  of  an  earth  embankment  formed  from  borrow 
pits,  unless  its  height  exceeds  about  15  feet,  depending  on  the 
relative  prices  of  materials  and  labor.  When  not  exceeding  30 
feet  in  height,  the  bents,  for  single  track,  are  usually  composed 
of  two  posts,  a  cap  and  sill,  each  13  X  13,  and  two  batter  posts, 
10  X  13,  inclined  at  ^Ih  to  1,  all  framed  together.  Two  lengths 
of  3-inch  plank  are  spiked  on  diagonally  on  opposite  sides  of 
the  bent  as  braces.  The  length  of  the  caps  should  equal  the 
width  of  the  embankment;  the  posts  should  be  5  feet  from 
centre  to  centre,  and  the  batter  posts  3  feet  from  the  posts  at 
the  cap.  The  sill  should  extend  about  two  feet  beyond  the 
foot  of  the  batter  post.  A  masonry  foundation  for  the  bent  is 
preferable,  though  pile  foundations  are  not  uncommon,  and 
some  temporary  structures  are  placed  directly  on  a  firm  soil, 
supported  only  by  mudsills  laid  crosswise  under  the  sill.  The 
spans,  or  distance  between  bents,  may  vary  from  13  to  16  feet. 
The  stringers  should  consist  of  4  pieces,  3  under  each  rail, 
bolted  together,  with  packing  blocks  to  separate  them  3  or  3 
inches.  Over  each  bent  and  at  the  centre  of  each  span  a  piece 
of  thick  plank  about  4  feet  long  should  be  placed  on  edge 
between  the  two  pair  of  beams  to  preserve  the  proper  distance 
between  them,  while  rods  pass  through  the  beams  and  strain 
them  up  to  the  ends  of  the  plank,  to  increase  the  stability  of  the 
beams  and  prevent  their  buckling  under  a  load.  The  string- 
ers should  be  able  to  carry  safely  the  heaviest  load  without 
bracing  against  the  posts.  The  bents,  however,  if  high,  must 
be  braced  against  each  other.     The  stringers  should  be  con- 
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tinuous,  tnc  two  pieces  breaking  joints  with  each  other  at  the 
bents,  to  which  they  are  firmly  bolted.  They  may  rest  directly 
on  the  caps,  or  corbels  may  intervene.  The  spans  on  a  curve 
should  be  shorter  than  on  a  tangent.  The  ties  should  be 
notched  down  to  fit  the  stringers  closely,  and  guard  rails,  cither 
wood  or  iron,  secured  to  them  firmly.  Unless  the  spans  are 
very  short,  horizontal  bracing  should  be  employed  consisting 
of  3-inch  plank,  extending  from  the  centre  of  each  spanio  the 
ends  of  the  caps,  which  are  notched  down  to  receive  the  plank. 

For  trestles  much  higher  than  30  feet  the  cluster  bent  is 
preferable,  so  termed  because  each  vertical  post  is  composed  of 
a  cluster  of  four  pieces,  8x8,  standing  a  little  apart  to  allow 
the  horizontal  members  to  pass  between  them.  The  verticals 
are  continuous,  breaking  joints,  two  and  two,  while  the  hori- 
zontals pass  the  posts  and  are  bolted  to  them  at  the  joints;  the 
framing  is  accomplished  entirely  by  pncking  blocks  and  bolts. 
The  batter  posts  consist  each  of  two  pieces  8x8;  the  horizon- 
tals  may  be  4  X 10,  and  extend  not  only  across  the  bent,  but 
from  one  bent  lo  another.  Proper  bracing  is  also  used  in  every 
direction.  When  very  high,  a  secondary  pair  of  batter  posts 
may  be  introduced  in  the  lower  part  of  the  structure.  The 
batter  need  not  exceed  ith  to  1.  In  some  instances  two  adjoin- 
ing bents  are  strongly  braced  together,  forming  a  tower  or  pier, 
and  the  piers  placed  from  50  to  100  feet  apart,  the  roadway 
being  canied  on  trussed  bridges.  The  cluster  bent  admits  of 
any  piece  being  removed  and  a  new  one  inserted  when  neces- 
sary. 

Iron  trestles  are  now  adopted  where  a  permanent  struc- 
ture is  desired.  Owing  to  the  expansion  of  the  metal  by  heat, 
the  bents  cannot  be  continuously  connected  with  each  other  as 
/in  a  wooden  trestle ;  hence  the  pier  form  is  resorted  to,  having 
tpans  varying  from  30  to  150  feet,  covered  by  trussed  bridges, 
and  the  whole  structure  is  more  properly  styled  a  viaduct* 

250.  Tunnels*  Tunnels  are  adopted  in  certain  cases  to 
avoid  excessive  excavations,  steep  grades,  high  summits,  and 
circuitous  routes.  Their  disadvantages  are  the  increased  time 
and  cost  of  their  construction  compared  with  an  open  line,  and 
their  lack  of  light  and  fresh  air  when  in  use.  It  ijs  desirable 
that  they  should  be  on  a  tangent  throughout,  both  for  the  ad- 
mission of  light  and  for  convenience  of  alignment.      Many 
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tannels,  however,  have  been  built  with  a  curve  at  one  or  both 
ends.* 

The  location  of  a  tunnel,  other  things  being  equal,  should 
be  such  as  to  make  not  only  the  tunnel  proper,  but  also  its  im- 
mediate approaches  by  open  cut  as  short  as  possible;  and  the 
latter  should  be  selected  so  as  not  to  be  subject  to  overflow, 
nor  liable  to  land  slides.  The  material  to  be  encountered  may 
Irequentlybe  determined  with  tolerable  accuracy  by  a  study 
of  the  geological  formation  in  the  vicinity,  or  by  actual  borings. 
The  most  favorable  material  for  tunnelling  is  a  homogeneous 
self-supporting  rock,  devoid  of  springs,  which  does  not  disin- 
tegrate on  exposure  to  the  atmosphere.  The  worst  materials 
are  saturated  eartti  and  quicksands.  The  presence  of  water  in 
any  material  increases  the  cost  considerably. 

Tlie  align  incut  of  a  tunnel  is  made  the  subject  of  special 
survey,  after  the  general  location  is  decided,  and  this  is  more 
or  less  elaborate  according  to  the  length  of  tunnel.  A  perma- 
nent station  is  established  at  the  highest  point  crossed  by  the 
lunnel  tangent,  from  which,  if  possible,  monuments  are  set  in 
each  direction  at  points  beyond  the  ends  of  the  tunnel.  If 
there  are  two  principal  summits,  stations  on  these  will  define 
.ilie  tangent,  which  may  then  be  produced.  The  monuments 
established  beyond  the  tunnel  should  be  sufficiently  distant  to 
afford  a  perfect  backsight  from  the  ends  of  the  tunnel,  where 
other  monuments  are  also  established.  The  first  quality  of  in- 
struments only  should  be  used,  and  these  perfectly  adjusted, 
and  the  observations  should  be  repeated  many  times  until  it  is 
certain  that  all  perceptible  errors  are  eliminated.  Since  the 
line  of  eollimation  will  be  frequently  inclined  to  the  horizon 
at  a  considerable  angle,  it  is  important  that  it  should  revolve 
in  a  vertical  plane;  and  to  secure  this,  a  sensitive  bubble  tube 
should  bo  attached  to  the  horizontal  axis,  at  right  angles  to  the 
telescope  of  the  transit.  The  distance  may  be  obtained  by  tri- 
augulation,  though  direct  measurement  is  to  be  preferred.  A 
steel  tape  is  convenient  and  accurate,  providing  that  allowance 
be  made  for  variations  due  to  temperature,  from  an  assumed 
standard.    The  rods  described  in  §  43  may  be  used  instead  of 


♦The  Mont  Cents  tunnel,  requiring  a  curve  at  each  end,  was  first 
opened  on  the  tangent  produced,  giving  a  straight  line  through,  and  the 
curves  were  excavated  subsequently. 
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plumb  lines,  the  tape  being  held  at  right  angles  to  them,  and 
therefore  horizontal.  A  plug  should  be  driven  for  each  rod  to 
stand  on,  and  a  centre  set  to  indicate  the  line  and  measure- 
ment 

As  the  excavation  of  the  tunnel  proceeds,  the  centre  line  is 
given  at  short  intervals  by  points  either  on  the  floor  or  roof. 
Overhead  points  are  generally  preferred,  from  which  short 
plumb  lines  may  be  hung,  constantly  indicating  the  line,  with 
little  danger  of  being  disturbed.  When  a  new  transit  point  is 
required  in  the  tunnel,  it  should  be  established  directly  under 
an  overhead  point,  which  serves  as  a  check  upon  its  pernuu 
nence,  and  as  a  backsight  when  needed. 

Shafts  are  sometimes  opened  to  give  access  to  several  points 
of  the  tunnel  at  the  same  time,  thus  facilitating  the  work,  though 
at  an  increased  cost.  They  also  serve  for  ventilation  during  the 
progress  of  the  work,  though  they  are  worse  than  useless  for 
this  purpose  afterward,  except  possibly  in  the  case  of  a  single 
shaft  near  the  centre  of  the  tunnel.  Some  of  the  longest  tun- 
nels have  been  formed  without  shafts,  while  many  shorter  ones 
have  had  several,  which  have  generally  been  closed  after  the 
tunnel  was  completed.  Shafts  are  either  vertical,  inclined,  or 
nearly  horizontal ;  in  the  latter  case  they  are  called  adits.  In- 
clined shafts  should  make  an  angle  of  at  least  60°  with  the  ver- 
tical. Vertical  shafts  may  be  either  rectangular,  round,  or 
oval.  Their  dimensions  vary,  depending  on  their  depth  and 
the  material  encountered,  between  8  and  25  feet.  They  are 
usually  sunk  on  the  centre  line  of  the  tunnel,  though  some- 
times at  one  side.  When  over  the  tunnel  the  alignment  below 
is  obtained  directly  from  two  plumb  lines  of  fine  wire  suspend<)d 
on  opposite  sides  of  the  shaft  from  points  very  carefully  deter- 
mined at  the  surface.  The  plummets  are  suspended  in  water 
to  lessen  their  vibrations,  and  as  soon  as  the  transit  can  be  set 
up  at  a  sufficient  distance  to  bring  the  lines  into  focus,  it  is 
shifted  by  trial  into  exact  line  with  the  mean  of  their  oscilla- 
tions, the  latter  being  very  limited.  Permanent  points  may 
then  be  set,  but  should  be  repeatedly  verified.  As  soon  as  the 
workings  from  a  shaft  communicate  with  those  from  either 
end,  or  from  another  shaft,  the  alignment  thus  found  is 
tested,  and  revised  if  necessary.  These  operations  require  the 
greatest  nicety  of  observation  and  delicacy  of  manipulation  to 
obtain  satisfactory  results. 
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From  plumb  lines  in  the  central  shaft  of  the  Hoosac  tunnel, 
vhe  line  was  produced  three  tenths  of  a  mile,  and  met  the  line 
produced  2.1  miles  from  the  west  end  with  an  error  in  offset 
of  five  sixteenths  of  an  inch.  In  the  Mont  Cenis  tunnel  the 
lines  met  from  opposite  ends  with  '*  no  appreciable"  error  in 
alignment,  while  the  error  in  measurement  was  about  45  feet 
in  a  total  length  of  7.6  miles. 

When  a  curve  occurs  in  a  tunnel  it  is  usually  near  one 
end.  The  tunnel  tangent  is  produced  and  established  as 
before  described,  and  a  second  tangent  from  some  point  on  the 
curve  outside  the  tunnel  is  produced  to  intersect  it,  the  inter- 
section being  precisely  determined  and  the  angle  measured 
with  many  repetitions.  The  tangent  distances  are  then  calcu- 
lated, and  the  position  of  the  tangent  points  corrected  by 
precise  measurements,  and  permanent  monuments  are  estab- 
lished. As  the  tunnel  advances,  points  may  be  set  at  short 
intervals  on  the  curve  in  the  usual  manner;  but  at  intervals 
of  100  feet  the  regular  stations  should  be  defined  with  finely 
centred  monuments,  using  a  100-foot  steel  tape  carefully  sup- 
ported in  a  horizontal  position.  When  it  is  necessary  to  use  a 
subchord,  its  exact  length  should  be  calculated  as  shown  in 
§  107.  When  the  curve  has  advanced  so  far  as  to  render  anew 
transit  point  necessary,  this  should  be  established  at  a  full 
station.  The  subtangents  from  the  two  transit  points  should 
then  be  produced  to  intersect,  and  measured  for  equality  with 
each  other  and  with  their  calculated  length.  The  distance 
from  their  intersection  to  the  middle  of  the  long  chord  should 
also  be  measured  as  a  check  on  the  deflections.  When  no 
perceptible  errors  remain,  the  curve  may  be  produced  as 
before  until  the  P.  T.  is  reached.  It  is  evident  that  correct 
measure  is  indispensable  to  correct  alignment  on  curves. 
Should  obstacles  on  the  surface  necessitate  triangulation,  more 
than  ordinary  care  must  be  exercised,  and  Jis  many  checks 
introduced  as  possible.  The  triangles  should  be  so  arranged 
that  all  of  the  angles  and  most  of  the  sides  may  be  measured. 

Test  levels  are  carried  over  the  surface  with  great  care, 
each  turning  point  being  made  a  permanent  bench,  and  its 
elevation  determined  with  a  probable  error  not  exceeding 
0.005  foot.  Levels  may  be  carried  down  a  shaft  on  a  series  of 
bolts  or  spikes  about  12  feet  apart  in  the  same  vertical  line, 
the  distances  being  measiired  by  the  same  level-rod  as  tha^ 
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with  which  the  benches  are  detennined.  The  measures  should 
be  taken  between  two  graduations  of  the  rod,  not  usin^;  the 
end  of  the  rod,  which  may  be  slightly  worn.  Fine  horizontal 
lines  on  the  heads  of  the  bolts  may  be  used  to  murk  the  exact 
distances.  After  the  shaft  reaches  the  level  of  the  tunnel,  the 
depth  may  be  measured  more  directly  with  a  steel  tape,  the 
entire  length  of  which  has  been  corrected  at  the  given  tem- 
perature, by  comparison  with  the  same  rod. 

If  the  grade  -of  a  tunnel  is  to  be  continuous,  it  should 
be  assumed  at  something  less  than  the  maximum  of  the  road, 
but  not  less  than  0.10  per  station,  which  is  required  for 
drainage.  If  a  summit  is  to  be  made  in  the  tunnel,  the  grade 
from  the  upper  end  should  not  exceed  0.10  per  station. 
Grades  are  given  in  the  tunnel  from  day  to  day,  or  as  often  as 
required  by  the  progress  of  the  work,  the  marks  being  made 
on  the  sides  at  some  arbitrary  distance  above  grade.  Turning 
points  should  be  taken  on  permanent  benches. 

The  least  width  of  a  tunnel  in  the  clear  should  be,  for 
single  track  about  15  feet,  and  for  double  track  26  feet.  The 
least  heig'ht  in  the  clear  above  the  tie  should  be  18.5  feet 
for  single  track,  and  16.5  feet  at  the  outside  rails  for  double 
track,  allowing  for  tie  and  ballast;  the  roof  at  the  centre  of  the 
section  should  be  at  least  20  feet  above  subgrade,  and  with  a 
full  centred  arch  22  or  23  feet  for  double  track.  The  form 
of  section  depends  somewhat  on  the  material  traversed.  In 
perfectly  solid  rock  a  nearly  rectangular  section  may  be  used, 
the  roof  being  slightly  rounded.  In  dry  clay,  and  stratified 
rock,  a  flat  arch  may  be  used,  and  in  other  cases  a  full-centred 
arch.  The  latter  form  is  rather  to  be  preferred  on  account  of 
the  better  ventilation  afforded.  The  sides  are  made  vertical, 
battered  or  curved,  as  necessity  or  taste  may  dictate.  In  wet 
and  infirm  soil  an  invert  floor  may  be  required,  otherwise  it 
is  made  level  transversely.  When  a  lining  is  required  the 
original  section  must  of  course  be  made  large  enough  to 
allow  for  the  masonry,  and  the  temporary  timber  supports 
behind  it.  Hard  burned  brick  is  usually  adopted  for  arching, 
being  durable  and  easily  handled.  In  loose  rock  the  arching 
may  be  from  13  to  26  inches  thick,  in  wet  and  yielding  soil  a 
thickness  of  from  26  to  39  inches  may  be  necessary.  The 
walls  may  be  from  3|  to  6  feet  thick. 

In  forming  a  tunnel,  a  headings  or  gallery  of  smaller 
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crosd  section  Is  first  driven  and  afterwards  enlarged  to  the 
full  size  required.  In  firm  clay  or  loose  rock  which  will  tem- 
porarily support  itself  until  tlie  masonry  can  be  put  in,  it  is 
better  to  drive  the  heading  along  the  floor  (at  subgrade)  of  the 
tunnel,  the  remaining  material  being  then  easily  thrown  down 
in  sections  as  the  arching  is  advanced.  In  solid  rock,  or  wet 
earth,  a  top-heading  (along  the  roof)  is  generally  preferred. 
The  dimensions  of  a  heading  driven  by  hand  are  usually  8  feet 
high  by  8  or  10  feet  wide,  but  in  solid  rock  where  drilling 
machinery  is  introduced,  it  is  advantageous  to  make  the  head- 
ing as  wide  as  the  tunnel  at  once.  By  drilling  holes  into  the 
face  at  points  about  five  feet  each  side  of  the  centre,  and  con- 
verging on  the  centre  line  at  a  depth  of  about  ten  feet,  a  tri- 
angular mass  of  rock  may  be  blown  out,  and  the  space  thus 
gained  facilitates  the  blasting  of  the  adjacent  rock  on  either 
side.  An  advance  of  about  10  feet  in  each  day  of  24  working 
hours  may  thus  be  made,  using  nitroglycerine  in  some  form 
as  the  explosive  agent.  Owing,  however,  to  unavoidable 
delays  from  various  causes,  this  rate  of  progress  cannot 
always  be  maintained.  At  the  Hoosac  tunnel  the  greatest 
advance  in  one  week  was  50  feet;  in  one  month  184  feet  at 
one  heading.  At  the  Musconetcong  tunnel  a  heading  8  X  23 
feet  in  syenitic  gneiss  was  advanced  at  the  average  rate  of 
137  feet  per  month  for  6  months,  the  maximum  being  144  feet 
— the  enlargement  of  the  tunnel  to  full  size  going  on  at  the 
same  time,  a  few  hundred  feet  behind.  At  the  St.  Gothard 
tunnel  the  north  heading  2.5  X  3  metres  was  advanced  in 
mica  gneiss,  during  the  year  1875  at  the  average  daily  rate  of 
3.71  metres,  with  a  maximum  of  about  4  metres,  but  the  en- 
largement was  not  made.  The  south  heading  advanced  at 
the  rate  of  2  metres  a  day,  tinxbering  being  at  times  necessary. 

In  ordinary  clay  a  heading  may  be  driven  at  from  75  to  180 
ft.  per  month,  according  to  circumstances,  where  timbering  is 
put  in.  The  enlargement,  including  timbering  and  masonry, 
may  be  advanced  at  from  20  to  60  ft.  per  month.  Small  tun- 
nels for  water  conduits  are  driven  through  dry  clay  at  the  rate 
of  10  ft.  per  day,  the  masonry  following  at  once  without  tim- 
bering. 

The  compressed  air  used  to  drive  the  drilling  machinery 
serves  to  supply  ventilation  also.  "When  this  is  wanting  or 
proves  insufficient,  exhaust  fans  are  used.     At  Mont  Cenis  a 
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horizontal  brattice  or  partition  was  built  in  the  tunnel,  dividing 
it  so  as  to  secure  a  circulation  of  air.  When  foul  gases  are  en- 
countered, ventilation  becomes  a  serious  question,  and  in  one 
instance  an  important  work  was  abandoned  for  this  cause. 

Cross  sections  of  the  heading,  and  also  of  the  tunnel  en 
largement,  should  be  measured  at  intervals  of  about  20  feet,  as 
soon  as  opened,  to  see  that  the  sides,  roof,  and  floor  are  taken 
out  to  the  prescribed  lines,  at  the  same  time  that  the  latter  are 
exceeded  as  little  as  possible.  In  solid  rock,  since  some  ma- 
terial outside  of  the  true  section  will  necessarily  be  thrown 
down,  leaving  an  irregular  outline,  it  is  well  to  take  two  cross 
sections  at  the  same  point,  one  following  the  projections  and 
the  other  the  recesses  of  the  rock,  from  which  an  average  sec- 
tion may  be  estimated.  A  daily,  or  at  least  a  weekly,  record 
of  operations  should  be  kept  in  tabular  form,  and  the  progress 
indicated  by  a  profile  and  cross  sections  drawn  on  a  sufficiently 
large  scale  to  show  details. 

The  drainagfe  of  a  tunnel  is  best  secured  by  a  line  of 
stoneware  or  cement  pipe  laid  in  a  trench  along  each  side,  and 
covered  with  ballast  or  other  loose  material.  The  entire  floor 
is  thus  made  available  for  the  use  of  the  trackmen.  When  an 
invert  is  used,  the  drain  is  placed  in  the  centre  between  tracks. 
If  the  amount  of  water  is  large,  drain  pipe  may  be  laid  behind 
the  walls,  and  the  back  of  the  arch  may  be  covered  with  as- 
phaltum,  or  coal  tar,  to  prevent  a  constant  dripping  on  the 
track. 

251.  Retracing  the  Line* — As  the  grading  pro- 
gresses, in  either  excavation  or  embanjs:ment,  the  principal 
transit  points  are  established  on  the  road-bed  from'  the  points 
of  reference,  and  the  centre  line  is  retraced,  setting  stakes  at 
every  50  feet.  Transit  points  on  grade  should  be  flxed  upon 
stout,  durable  posts  firmly  set  in  the  ground,  and  standing 
high  enough  to  be  easily  reached  after  the  ballast  is  laid. 
To  recover  the  old  line,  any  discrepancies  in  measurement 
must  be  left  between  the  transit  points  where  they  occur, 
and  not  carried  forward.  In  retracing  a  curve,  if  the  transit 
is  placed  at  the  forward  point,  allowing  the  chain  to  ad- 
vance toward  it,  slight  differences  in  measurement  will  not 
affect  the  position  of  the  curve.    If  any  short  or  long  sta- 
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tions  have  been  introduced  on  the  location,  their  position  on 
the  line  must  not  be  changed  in  retracing.  The  chain  may 
be  adjusted  so  that  its  measures  will  agree  with  the  recorded 
distances  between  transit  points.  Offsets  are  made  right  and 
left  from  the  new  stakes  to  see  that  the  road-bed  is  of  the  full 
width  at  all  points.  The  levels  are  also  carried  over  the 
grade,  and  any  remaining  cut  or  fill  found  necessary  is  marked 
on  the  back  of  the  stakes,  due  allowance  being  made  for  the 
probable  settlement  of  embankments. 

252.  As  the  work  approaches  completion  the  contractor 
goes  over  the  line  dressing  it  to  grade  and  opening  the  side 
ditches  if  this  has  not  been  previously  done. 

Drain-tile  should  be  laid  at  the  bottom  of  these  ditches  and 
lightly  covered  with  earth,  particularly  if  the  cut  be  wet. 
These  not  only  prevent  the  water  from  reaching  the  ballast, 
but  by  keeping  the  foot  of  the  slope  comparatively  dry  pre- 
vent the  earth  from  sliding  down  and  filling  up  the  cut 
There  is  also  a  marked  economy  in  their  use,  as  the  cost  is 
trifling,  and  all  further  excavation  of  mud  and  water  from 
the  cut  is  generally  obviated.  Should  any  springs  appear  in 
tHe  slope  a  branch  line  of  smaller  tile  may  be  laid  to  meet  it. 
If  the  slope  is  liable  to  be  overflowed  from  the  surface  above, 
an  open  ditch  should  be  dug  a  few  feet  beyond  the  slope 
stakes,  leading  the  surface  water  to  discharge  elsewhere. 

253.  The  road-bed  being  prepared,  ballast  stakes  are 

driven  at  every  half  station,  giving  the  width  of  the  ballast  at 
its  base,  while  the  tops  of  the  stakes  indicate  the  proper  level 
of  its  upper  surface,  which  is  the  under  side  of  the  tie.  These 
stakes  should  be  set  so  as  to  give  the  proper  elevation  to  the 
outer  rails  on  curves  when  the  ballast  is  graded  to  them.  The 
ballast  should  be  about  one  foot  deep  before  the  ties  are  laid. 
Broken  stone  or  a  mixture  of  coarse  and  fine  gravel  is  the 
best  material,  affording  elasticity  and  good  drainage.  The 
side  slopes  of  the  ballast  are  made  1  to  1 ;  its  width  at  the 
under  side  of  the  tie  should  be  one  foot  greater  than  the 
length  of  the  tie. 

254.  Track-layiiigr* — After  the  ballast  has  been  laid 
and  graded,  the  centre  line  is  retraced  upon  it;  short  stakes 
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are  used,  each  of  which  is  centred.  On  long  tangents,  one 
stake  in  every  200  feet  is  sufficient,  on  ordinary  curves  one  in 
every  50  feet,  and  on  very  sharp  curves  one  in  every  35  feet. 
The  ties  are  then  spaced  evenly  according  to  the  number 
prescribed  per  mile,  or  per  rail  length ;  but  a  tie  should  not  be 
allowed  to  cover  a  transit  point.  Ties  for  the  standard  gauge 
are  8  or  9 feet  long;  they  should  be  sawed  off  square  at  the  ends 
and  in  uniform  lengths  for  appearance  sake  when  laid. 
Specifications  usually  call  for  ties  having  a  thickness  of  6 
inches  and  a  width  of  from  7  to  10  inches.  The  ends  of  the 
ties  are  aligned  on  one  side  of  the  road,  though  if  cut  into 
uniform  lengths  both  ends  will  be  equally  well  aligned.  The 
rails  are  then  laid  on,  and  spiked  to  gauge.  The  first  spikes 
are  driven  in  tlie  ties  near  a  centre  stake,  the  centre  mark  of 
the  gauge  bar  being  kept  over  the  centre  on  the  stake.  Upon 
curves  the  rails  must  be  sprung  to  the  proper  arc  before  they 
are  laid  (§199).  AU  the  ties  required  in  a  given  distance 
should  be  laid  before  the  rails  are  brought  upon  them.  The 
practice  of  laying  only  joint  and  middle  ties  at  first  subjects 
the  mils  to  the  danger  of  bending  from  passing  loads. 

Owing  to  the  expansion  of  the  rails  by  heat,  a  space 
must  be  left  at  the  rail-joints.  The  highest  tempei*ature  of'  a 
rail  in  the  summer  sun  is  about  130°  Fah.  The  expansion  of 
iron  or  steel  per  100°  is  .0007  per  foot;  or  for  a  80-foot  rail 
.021  foot  or  .252  inch.  Therefore  when  30-foot  rails  are  laid 
at  a  temperature  near  the  freezing  point,  or  100°  below  the 
maximum,  the  space  allowed  must  be  at  least  a  quarter  of  an 
inch.  At  80"  Fah.  or  50"  below  the  maximum,  it  need  be  only- 
half  as  much.  The  space  required  is  also  proportional  to  the 
length  of  rail  used.  The  exact  space  should  be  given,  as  less 
would  result  in  the  rails  being  forced  up  by  expansion,  while 
more  than  necessary  space  gives  a  rough  road,  and  hastens 
the  destruction  of  the  rail. 

Wherever  sidings  are  required,  the  necessary  frogs  and 
long  switch- ties  should  be  provided  in  advance,  so  that  they 
may  be  put  in  place  at  the  time  of  laying  the  main  track.  For 
every  road  crossing  at  gmde,  heavy  oak  plank  should  be  pro- 
vided, and  laid  upon  the  ties  as  soon  as  the  rails  are  spiked, 
80  that  the  highway  travel  may  not  be  impeded. 
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CHAPTER  X. 

CAiiCULATioN  OP  Eauthwobk. 

I  2£^4t.  The  first  step  toward  finding  the  cubical  content  of 
I  an  excavation  is  to  divide  it  into  a  number  of  prismoids  by* 
i  several  cross  sections. 

A  prismoid  is  a  solid  having  plane  parallel  bases  or  ends, 
and  bounded  on  the  sides  either  by  planes,  or  by  such  surfaces 
as  may  be  generated  by  a  right  line  moving  continuously  along 
the  edges  of  the  bases  as  directrices. 

Tlie  positions  of  the  cross  sections  must  be  so  selected 
that  the  solid  included  between  any  two  consecutive  sections 
may  be  a  prismoid  as  nearly  as  possible.  Upon  a  tangent  the 
road-bed  and  side  slopes  are  planes,  so  that  the  prismoidal 
character  of  a  given  solid  depends  upon  the  shape  of  the  natu- 
ral surface.  When  the  natural  surface  is  a  plane,  the  sections 
are  taken  only  at  the  regular  stations,  100  feet  apart;  when  it 
is  curved,  warped,  irregular,  or  broken,  the  sections  must  be 
more  numerous,  so  that  the  surface  limited  by  any  two  shall 
he  composed  substantially  of  right-lined  elements  extending 
from  one  section  to  the  other. 

If  two  end  sections  of  a  prismoid  are  somewhat  "similar,  we 
iufer  that  the  corresponding  points  are  connected  by  right- 
lined  elements,  forming  in  each  case  the  axis  of  a  ridge  or  of  a 
hollow.  If  one  section  has  less  breaks  than  the  next,  some  of 
these  ridges  or  hollows  must  vanish;  and  in  order  that  the 
solid  may  be  a  prismoid,  they  must  vanish  in  the  section  of 
least  breaks;  therefore  a  cross  section  must  be  taken  on  the 
ground  through  the  point  where  each  ridge  or  hollow  vanishes, 
and  tlie  distance  of  that  point  from  the  centre  line  noted,  so 
that  it  may  be  coupled  with  the  proper  point  in  the  next  section 
for  exact  calculation  of  content. 

When  ridges  or  hollows  run  diagonally  across  the  line  of 
road,  cross  sections  must  be  taken  where  they  are  intersected 
not  only  by  the  centre  line  but  also  by  the  side  slopes;  that  is, 
sections  must  be  taken  so  that  a  side  stake  may  stand  on  top  of 
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each  ridge  and  at  bottom  of  each  hollow.  In  case  the  centre 
line  intersects  at  right  angles  a  retaining  wall  or  other  vertical 
surface,  two  cross  sections  are  required  at  the  same  point,  one 
at  top  and  the  other  at  base  of  wall,  in  order  to  furnish  the 
data  necessary  to  calculate  the  content  each  way  from  the  ver- 
tical surface.    (See  Art.  235.) 

Every  thorough  cut  terminates  in  either  side-hill  cutting,  a 
pyramid,  or  a  wedge;  the  latter  happens  only  when  the  con- 
tour of  the  natural  surface  is  at  right  angles  to  the  line  of  road. 
Sections  should  always  be  taken  through  the  points  where  the 
edges  of  the  roadbed  meet  the  siu'face,  as  these  are  the  points 
of  separation  between  thorough  and  side  hill-work.  Such  sec^ 
tions  also  serve  to  define  terminal  pyramids  when  they  occur 
as  is  illustrated  by  Fig.  97.    In  side-hill  work  the  foregoing 
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rules  apply  as  well,  but  sections  will  generally  be  more  numer. 
ous  than  in  thorough  cuts.  The  same  rules  apply  also  to  em< 
bankment,  but  as  grading  is  preferably  paid  for  in  ezcavatiou, 
the  same  precision  in  determining  the  quantities  in  embank- 
ment is  not  usually  necessary. 
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t^55.  Formulse  for  Sectional  Areas. 

Let  b  =  base  of  section  or  width  of  road-bed, 

horizontal 

••  »  =  slope  ratio  = -. — r— 

^  vertical 

"  d  =  depth  at  centre  stake. 

'*  h,  k=i  depths  at  side  stakes. 

''  m,  n  =  horizontal  distances  from  centre  to  side  stakes. 

j 

I    For  ground  level  transversely,  the  section  is  a  parallelogram, 
and  the  area  is  evidently 

A  =  hd  +  iid*  (342) 

or  directly  from  the  field  notes, 

A  =  \{p-\-m-\-n)d  (343) 

For  ground  of  uniform  transverse  slope  between  slope  stakes, 
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Pig.  »8,  the  section  consists  of  the  parallelogram  ABOE  and 
the  triangle  EOD.    Hence 

A  =  i(AB+  EO)EN+  ^EOipn-EN) 

A^^AB .  EN  +  EO .  DH) 
or 

A=:\[bh+k{b  +  ^)'\) 

also  \  (84^ 

A^\\bk^h{p  +  2»k)^) 

From  which  also 

A  =  \bh  +  mk  ) 
and  \  (345) 

A=z\bk-\-nh  ) 

These  formulae  are  independent  of  the  centre  depths    They 
are  convenient  for  calculating  the  area  of  a  plotted  section 
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having  aa  irregtilar  surface  after  the  surface  line  has  been 
averaged  by  stretching  a  silk  thread  over  it.  The  points 
where  tlie  thread  intersects  the  slope  lines  determine  the 
values  of  A,  A;,  w,  and  n  respectively. 

When  the  ground  has   uniform  slopes  transversely  from  tin 
centre  to  the  side  stakes:  Fig.  99:  If  in  the  diagram  we  draw 
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EG  and  DG,  tlie  section  will  be  divided  into  four  triangles, 
two  having  the  common  base  CG  =  d  and  respective  lieiglitd 
Gy=  m  and  GII=  n,  and  two  having  the  equal  bases  A.G-  ^^ 
GB  =  ^  and  the  respective  heights  ^iV  =  A  and  Z^iS"  =r  A; 
Hence  we  have  for  the  area  of  section 


A  =  ^(m  +  n)  +  ib{h  +  k) 


(346) 


Otherwise,  if  the  slope  lines  arc  produced  to  meet  below 
grade  at  P,  then   GP  = =  — .    The  area  of  CJEPD  ifl 


iCPX  NU=  \ ^i  4-  ^)  (w  +  n).    The  area  of  ABP  is  ^(?  x' 


J* 

GP  =  7-    Hence  we  have  for  the  area  of  the  section 
is 


^-i(^+D(-+«)--J 


(347) 


Both  these  formulae  are  convenient,  and  as  the  values  of  the 
several  letters  can  be  substituted  directly  from  the  field  notes,! 
it  is  unnecessary  to  plot  such  sections. 

When  the  wurfiiee  of  the  ground  ut  irregular,  verticals  are  con 
ceived  to  be  drawn  to  the  grade  line  through  the  slope  stakes^ 


J 
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sod  through  each  break  in  the  surface  line,  giving  a  number  of 

trapezoids,  the  areas  of  vt'hich  are  severally  calculated,  and 

from  their  sum  is  subtracted  the  area  of  the  two  triangles  ENA 

KadBHB.      The  remainder  is  the  area  of  section  required. 

This  calculation  may  be  made  directly  from  the  data  furnished 

by  tlie  field  notes  without  plotting;  but  if  the  ground  has  a 

number  of  small  breaks,  it  is  generally  better  to  plot  the  sec- 

ioDS  and  stretch  an  averaging  line  over  them,  finding  the  areas 

)y  eq.  (345).     Or  two  averaging  lines  may  be  employed  extend- 

g  from  the  centre  stake,  each  way,  when  the  area  may  bo  cal- 

ulatcd  by  cq.  (340)  or  (347). 


2&0.  Prismoidal  Formulae  for  Solid  Contents. 

—The  content  of  a  prismoid  may  be  exactly  calculated  by 

lieans  of  the  Prismoidal  Formula^  which  is 

j 

B  =z  cubic  yards,  I  =  length  in  feet.  Ay  A'  =  the  areas  at  the 
two  parallel  ends,  and  M  =  the  area  of  a  section  midway  be- 
kc'cu  the  ends.  This  area  is  not  a  mean  of  the  other  two,  but 
iLc  linear  dimensions  of  the  mid-section  are  means  of  the  cor- 
responding dimensions  severally  of  the  end  sections;  from 
rhich  therefore  the  area  of  the  mid  section  may  be  computed. 
The  labor  of  calculating  the  middle  area  may  be  avoided  in 
hany  instances  by  substituting  in  the  prismoidal  formula,  eq. 
p48),  for  A,  A',  and  Jf,  their  values  as  given  in  eq.  (842)  for 
ground  level  transversely. 

i  =  bd'\'8€p   A'  =bil  -{-  8d!^    M=  b — [-  $ — ' ' , 

4)  4 

•.       S=^^^\2sd^-\-{^b-{-2sd')d  +  {^+2sd')d']     (349) 
Q  which  8  is  expressed  in  terras  of  the  end  dimensions. 

257*  Tables  of  cubic  yards  may  be  constructed  upon  this 
ormula  which  are  very  convenient  in  practice.  The  constant 
alues  in  any  one  table  are  I  which  is  taken  at  100,  and  b  and  • 
rhich  are  giYea  values  corresponding  to  the  road-bed  and  slope 
itio.     The  variables  are  d  and  d'.    The  columns  in  the  tabl^ 


■r-» 
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will  be  headed  by  the  successive  values  of  <f ,  while  each  hor 
zontal  line  will  be  headed  by  a  value  of  d.  For  any  oi 
column  therefore  cT  is  constant,  and  the  only  variable  is 
Assunung  any  value  for  d\  the  values  of  8  in  that  column  mi 
be  computed,  letting  d  take  a  series  of  values  differing  by  uni 
from  zero  upwards,  and  the  corresponding  values  of  8  will  I 
placed  in  the  column  d'  opposite  the  several  values  of  d. 

But  instead  of  solving  the  eq.  (349)  for  each  value  of  5  r 
quired,  the  process  of  filling  the  table  may  be  much  abbi) 
viated  by  observing  that  since  the  equation  is  of  the  secon 
degree  with  respect  to  the  variable  d,  the  second  difference  ( 
the  values  of  8  will  be  a  constant  and  equal  to  tunce  the  o 

efficient  of  d*.  or  5'  = ^r=    Also  the  first  term,  in  the  sen 

'  6  X27 

of  first  differences  of  8  in  the  column  d'  (i.e.  between  d  =| 

and  d  =  l)  ia  expressed  by  the  sum  of  the  coefficients  of  i 

and  d;  or 

The  first  value  of  8  in  any  column  d '  is  found  by  solvi 
eq.  (349)  after  making  d  =  0;  or, 

Starting  with  these  values  we  may  fill  any  colunm  d '  siin 
by  successive  additions.  The  values  of  d'  for  the  seve 
columns  should  also  differ  by  unity.  The  final  value  of  S  i 
each  column  should  be  calculated  by  formula  as  a  check;  ( 
^ince  all  the  final  quantities  in  the  same  line  d  of  the  tabl 
form  a  series  of  which  the  second  difference  is  d",  if  on  takin 
their  differences  this  result  is  obtained,  the  quantities  ai 
proved  to  be  correct. 

Example. — Given  a  base  of  18  feet  and  slopes  1^  to  1,  tofi 
the  column  of  <?'  =  6  in  a  table  of  cubic  yards  for  level  cros 
sections.  Here  ?  =  100,  ^>  =  18,  «  =  f,  d'  —  Q.  Hence  8* 
3.7037+,  5o'  =  46.2962+,  and  /9o  =  266.6666+.  It  is  m 
necessary  to  go  beyond  the  fourth  decimal  place,  since  th 
figure  will  always  be  the  same  as  the  first  decimal  (a  resul 
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B  to  dividing  by  27),  and  may  be  corrected  by  it  after  every 
iition.     The  process  is  as  follows: 


a 

8 

0 

266.6666 

1 

812.9629 

2 

362.9629 

3 

416.6666 

4 

474.0740 

5 

535.1851 

6 

600.0000 

7 

668.5185 

8 

740.7407 

46.2962 
50.0000 
53.7037 
57.4074 
61.1111 
64.8148 
68.5185 
72.2222 
75.9259 
etc.  *  etc.  etc. 


8.7087 
8.7037 
3.7037 
8.7037 
8.7037 
8.7087 
8.7087 
8.7037 


lu  copying  into  the  table,  the  quantities  are  taken  to  the 
larest  unit  only,  and  the  decimals  are  otherwise  neglected. 
The  conapleted  table  furnishes  values  of  8  corresponding  to 
ly  values  of  d  and  d'  in  even  feet.  The  correction  for  the 
^cimal  parts  of  the  depths,  when  there  are  such,  is  made  by 
Iding  to  S  (found  opposite  the  even  feet)  the  product  of  the 
ilf  sum  of  the  decimals  by  the  difference  between  8  as 
>und  and  the  next  value  of  8  diagonally  below  to  the  right, 
hese  differences  may  for  convenience  be  inserted  originally 
I  the  table  under  each  quantity  in  small  figures. 
If  the  length  of  the  solid  differs  from  100  feet,  multiply  the 
)rrected  quantity  by  the  length  and  divide  by  100,  since  8 
iries  directly  as  I,  Such  tables  are  published  in  separate 
leets  for  a  variety  of  bases  and  slopes,  so  that  usually  one 
lay  be  purchased  to  suit  the  case  in  hand. 

258.  These  tables  may  be  used  to  find  quantities  when 
le  ground  is  not  level  transversely,  by  finding,  first,  the  area 
f  the  actual  sections,  and  second,  the  depths  of  level  sec-i 
ons  having  equal  areas,  and  then  using  the  depths  so  found 
B  the  values  of  d  and  d'  in  the  table  of  quantities.  The 
epths  of  equivalent  level  sections  are  called  equiva- 
jnt  depths.    They  may  be  calculated  by  the  formula 

b 


^=-i+V?+l  w 


rbich  is  derived  directly  from  eq.  (342).  The  more  convenient 
tiethod,  however,  is  to  construct  a  table  on  eq.  (342),  giving  to 
I  a  series  of  values  varying  by  one  tenth  of  a  foot  from  zero 
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opward.    The  values  of  b  and  s  in  this  table  must  agree  wi| 
those  of  the  road  and  of  the  table  of  cubic  yards.  ' 

250*  When  the  transverse  slope  is  uniform  between  sloi 
stakes  tlie  equivalent  depth  may  be  expressed  ij 
terms  of  the  centre  depth  and  slope  or  sur&c 
without  reference  to  the  area.    Fig.  100. 

i 


^M 


N. 


...... 

.„:: ....?i_^^..-rr:r 

«"< 

^^ 

----"^ 

-2»y 


Fio.  100. 

Let  EABD  be  the  given  section. 

'*  RAJBT  be  the  equivalent  level  section. 
Produce  the  side  slopes  to  meet  at  P,  and  let  c  =  CPm 

Through  Cdraw  the  horizontal  lino  QL,  and  at  L  erect  tb« 
perpendicular  LM  =  2,  and  draw  XiV  parallel  to  PE, 

The  area  RPT  =  area  EPD\  and  QEC=  LNC\  hence  arej 
EPLN=  QPL  =  EPD  -  NLD. 

Since  NLD  is  similar  to  EPD,  we  have 

EPD  :  NLD  ::  c* :  »• 

ir  EPD  -  NLD  :  EPD  :•  c«  -  «»  :  c* 

Since  QPL  and  iJPr  are  similar, 

§Pi: :  RPT  ::  c« :  Cj» 

c'  —  2® :  c*  ::  c' :  Ci'  or  Cj*  = 

CX 


c«~«« 


es 


Let «'  =  slope  ratio  of  surface  =  -vf=- 

ML        z 

vhich  substituted  gives 

en* 


=  -.   Thene«  = 


<^i» 


Cl  = 


n'«  -  / 


(351) 
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Udi  =  the  equiyalent  depth  d  O,  then 

di  =z  d-}-(ci  —  c) 

A  table  may  be  prepared  giving  {ci  —  c)  for  various  inclina- 
tioQs  of  surface  with  given  base  and  side  slopes.  It  is  then 
only  necessary  to  add  this  correction  to  the  centre  depth  to 
obtain  the  equivalent  depth.  Such  tables  of  correction  usually 
I  accompany  the  published  tables  of  cubic  yards.  This  method 
I  of  obtaining  quantities  is  particularly  applicable  to  preliminary 
estimates,  where  the  ground  has  not  been  cross-sectioned,  and 
only  the  centre  depth  and  transverse  inclination  is  known. 

260.  The  use  of  the  earthwork  tables  described  gives 
correct  results;— 

1st.  When  the  surface  of  the  prismoid  is  a  plane,  however 
much  inclined;  provided  it  does  not  intersect  the  road-bed 
vithin  the  limits  of  the  prismoid. 

2d.  When  with  regular,  or  three-level  end  sections,  generally 
similar  to  each  other,  the  surface  is  regularly  warped  from  one 
end  to  the  other;  provided  that  the  side  lines  aod  centre  line 
of  the  surface  are  straight,  and  that  no  two  of  them  are  in- 
clined to  grade  in  opposite  directions. 

\  3d.  When  the  ridges  or  hollows  of  an  undulating  surface 
arc  parallel  to  the  line  of  the  road. 

4th.  When  a  surface  of  numerous  irregularities  may  be 
averaged  by  planes  or  warped  surfaces  so  as  to  comply  with 
one  of  the  preceding  conditions. 

But  the  method  fails  on  undulating  ground  when  the 
ridges  or  hollows  run  obliquely  to  the  line  of  road,  even 
though  the  sections  may  appear  quite  regular. 

In  general,  the  method  of  equivalent  depths  holds  goocl^ 
when  the  mid-section  of  the  equivalent  level  end  sections 
equals  in  area  the  actual  mid-section  or  the  prismoid;  other- 
wise it  fails. 

261.  The  content  of  a  prismoid  may  be  approximately  ob- 
tained by  the  method  of  mean  areas^  the  formula  for 
which  is 

Although  approximate,  this  method-  is  much  employed  on 
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account  of  its  convenience.    It  is  approved  by  statute  to  b 

used  upon  the  public  works  of  the  State  of  New  York. 

If  the  values  of  A  and  A  derived  from  eq.  (342)  be  substi 

tuted  in  eq.  (352),  and  then  eq.  (349)  be  subtracted  from  it  theit 

remains  l 

U 

6  X  27  ^  ' 

which  is  the  correction  by  which  8  obtained  by  eq.  (352)  mus] 
be  diminished  to  make  it  equal  to  8  obtained  by  eq.  (349{ 
when  the  ground  is  level  transversely. 

Again,  for  three-level  sections,  if  the  values  of  A,  A\  and  i 
derived  from  eq.  (347)  be  substituted  in  both  eq.  (348)  auc 
(352),  and  one  subtracted  from  the  other,  there  remains 

j^^[(rf-c?')(m  +  «-(m'  +  fi'))]  I 

which  is  the  correction  by  which  8  obtained  by  eq .  (352)  must 
be  diminished  to  make  it  equal  to  8  obtained  by  eq.  (349). 
Hence  we  may  write  at  once,  for  three  level-sdctions,  the  cori 
rect  formula: 

^=  ra7["^  +  ^'""  ^^  f^+  "* "  (rn!+n')]\       (353)  | 

This  formula  gives  results  identical  with  eq.  (349),  is  applica- 
ble to  the  same  cases,  and  gives  correct  results  or  fails  to  do 
so  according  to  the  conditions  stated  in  the  previous  section. 

262,  When  the  conditions  of  the  surface  are  such  tliat  eq. 
(349)  or  eq.  (353)  will  not  give  correct  results,  the  area  of 
the  mid-section  may  be  derived  from  its  calculated  linear 
dimensions  as  stated  in  §  256.  The  contents  of  the  prismoid 
are  then  given  by  eq.  (348). 

Example  1.  (Fig.  101.)— Base  20.    Slopes  li  :  1. 

^f     .    22    ,     0  ,    47.5  ^,      ^^^ 

A'.+~^  +  -^  +"25"  ••.^  =  443sq.ft 

.    ,    84    ,     0  ,16 

^  +  -jg+-4-  +-4-  .-. -4=200  sq,  ft 

ir  I    28    ,    11    ,     0     ,     8     ,     81.75       ,^    ^,,  ^ 
•  •  ^+l2"  +  -6"  +  "6~  +  "6'  +  "l4:5"-*-^=^-''^«^-^^ 
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If  ^  =  100,  eq.  (348) 


S  = 


100 


(443  J^  967  +  200)  =  1001  c.  yds. 


6X27 
Had  this  been  calculated  by  cq.  (349)  or  eq.  (353)  or  by  the 


Fia  101. 

tables,  the  result  would  be  1167  c.  yds.,  showing  an  error  uf 
186  cubic  3'^ards  in  excess. 


Example  2.  (Fig,  102.)-Ease  20.     Slopes  li  :  1. 


^  + 


234  sq.  ft 
88  sq.  i 

164.5  sq.  ft. 


n  I  =  100,  eq.  (348) 


8  = 


100 


[88  +  658  +  234]  =  605  c.  yds. 


6X27 
Had  this  been,  calculated  by  eq.  (349)  or  eq.  (353)  or  by  the 
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tables,  the  result  would  be  584  c.  yds. ,  showing  an  error 
21  cubic  yards  in  deficit. 


, 


263.  At  the  termination  of  a  cut  or  fill  we  have  usual 
either  a  wedg^e  or  a  pyramid.  To  a  wedge  the  \m 
ceding  formulae  and  tables  based  on  them  apply  by  makiiJ 


Fia.  102.  j 

one  end  depth  equal  zero.  In  the  case  of  a  pyramid,  tin 
content  is  equal  to  the  area  of  the  section  forming  the  bas( 
multiplied  by  one  third  the  length  of  the  solid,  and  divided  b; 
27;  or 

264.  Side-hill  Work.— When  the  natural  surface  ha 
a  regular  transverse  slope  and  intersects  the  road-bed,  tin 
cross  section  is  reduced  to  ii  triangle.  If  lo  =  the  interceptot; 
portion  of  the  road-bed,  and  h  =  the  side  height,  then  ^4  = 
^wk.  Similarly  A'  =  W^  and  4M  =  \{w  +  w')  {k  -\^l^ 
which  substituted  in  eq.  (348)  give 


8  = 


I 
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[(2mj  -{-w')k+  {2w'  +  w)  A;']  (355) 


which  is  convenient  for  direct  calculation  from  the  field  notes. 
It  is  not  adapted  to  the  construction  of  tables,  since  it  contains 
four  independent  variables. 


CALCULATION  OP  EARTHWORK.  237 

If  the  slope  of  the  natural  surface  is  given,  let  «'  be  the  sur- 
face slope  ratio  at  one  section,  and  s"  that  at  the  other,  and  s 
the  ratio  of  the  side  slope.  Then  w  =  k  (s'  ~  s)  and  w'  — 
k'{s'  —  «),  which  substituted  in  eq.  (355)  give 


S=       ' 


;[(«'-  sW+  (^''  -  «J  kk'  +  (8-  -  s)  k'^ 


6X271 

If  the  surface  is  a  plane,  then  «'  =  «',  and  we  have  for  this 
case 

^  =  TW  t*'  +  ^'  +  *'']  '^^'^ 

which  is  a  formula  of  quite  limited  application ;  yet  it  is  the 
one  on  which  tables  and  diagrams  are  usually  constructed. 
Consequently  the  latter  will  not  give  correct  results,  except 
when  the  surface  is  a  plane. 

205.  When  the  natural  surface  is  broken  the 

sections  may  be  plotted,  and  the  values  of  w  and  k  taken  from 
the  points  where  an  averaging*  line  intersects  the  grade 
and  side  slope  respectively.  Finding  values  for  w'  and  k'  in 
the  same  way,  the  content  may  then  be  obtained  by  eq.  (355) 
as  before.  The  averaging  line  should  not  only  cut  off  the 
same  area  as  the  original  section,  but  should  also  have  in  each 
case  a  slope  agreeing  as  nearly  as  possible  with  the  general 
slope  of  the  natural  surface.  The  slope  is  determined  simply 
by  insi)ection  of  the  diagram,  but  the  area  may  be  had  pre- 
cisely, for,  taking  w  from  the  averaging  line,  and  knowing  A, 

2A 

we  may  calculate  k  by  the  formula  k  =:  — ;   or  k  may  bo 

taken  from  the  plot  and  w  calculated. 

Otherwise,  the  actual  raid-section  may  be  calculated  and 
the  cubic  contents  determined  by  the  method  illustrated  in 
§262. 

266.  To  express  side-liill  areas  and  cubic  yards 
in  terms  of  the  centre  depth,  d,  and  transverse 
slope-ratio  s'.    Fig.  103. 


When  d  =  <^,  A=  ^k  = 


8(«'  —  8) 
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For  any  depth  d,  add  to  this  area 


and  there  results, 


2(.-*) 


5  = 


2  X  27(»'  -»)  J 


m) 


observe  that  d  may  be  fin*  or  mtniM,  and  that  its  limits  ai 
4 
"=±2? 

Tables  of  cubic  yards  may  be  constructed  on  this  formula 
making  d  and  «'  the  variables,  which  would  be  extremely  coi 


L^' 


Fio.  106. 


yenient  for  making  up  estimates  upon  preliminary  lines  oi 
which  the  profile  of  centre  line  and  angle  of  transverse  slopj 
only  are  known.  Since  «'  is  the  cotangent  of  the  slope  angli 
the  columns  of  the  table  may  be  headed  by  the  angles  in  \ 
series  of  degrees,  while  the  corresponding  values  of  s'  an 
used  in  the  formula.  The  values  of  d  should  vary  by  tenth 
of  a  foot.  The  results  obtained  by  eq.  (356)  and  eq.  (357)  wil 
be  identical  for  the  same  sections. 


267*  Several  different  systems  of  diagrrams  have  beer 
devised  and  published  for  determining  quantities  in  earthworls 
by  a  sort  of  graphical  method.  These  diagrams,  which  are 
substitutes  for  tables  are  preferred  by  some  engineers.    Tlicy 
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i  based  on  the  same  principles,  and  are  constructed  on  modi- 
ations  of  the  same  formulae. 


268.  Correction  of  Earthwork  for  Curvature. 

The  preceding  calculations  are  based  on  the  assumption  that 
e  centre  line  is  straight,  with  cross  sections  at  right  angles  to 
When  an  excavation  is  on  a  curve,  the  cross  sections,  be- 
g  in  radial  planes,  are  inclined  to  each  other,  so  that  the  con- 
tion  of  a  prismoid  is  not  exactly  fulfilled.  But  by  the  proper- 
of  Guldinus,  if  any  plane  area  is  made  to  revolve  about  an 
Is  in  the  same  plane,  the  volume  of  a  solid  generated  by  the 
ea  is  equal  to  that  of  a  prism  having  a  base  equal  to  the  given 
ea,  and  a  height  equal  to  the  length  of  path  described  by  the 
!utre  of  gravity  of  the  area.  The  path,  being  the  arc  of  a  cir- 
e,  is  proportional  to  the  radius  drawn  to  the  centre  of  gravi- 
.  If  therefore  a  cross  section  is  symmetrical  with  respect  to 
le  centre  line,  the  path  of  the  centre  of  gravity  is  equal  to  the 
easurcd  length  of  the  centre  line,  and  no  correction  for  cur- 
iture  is  required. 

But  when  the  ground  is  inclined  transversely,  the  centre  of 
ravity  is  one  side  of  the  centre  line,  and  its  path,  if  we  con- 
jive  it  to  sweep  around  the  curve,  from  one  end  of  a  prismoid 
\  the  other,  is  longer  or  shorter  than  the  distance  measured  on 
le  centre  line,  according  as  the  centre  of  gravity  is  outside  or 
iside  of  the  centre  line  curve. 

Let  G  =  correction  in  cubic  yards  due  to  curvature. 
**    S  =  cubic  yards  as  obtained  by  prismoidal  formula. 
*"  E=  radius  of  centre  line. 
"    e  =  eccentricity  of  centre  of  gravity  of  section. 

=  horizontal  distance  from  centre  line  to  centre  ot 
gravity. 

?fe  then  have  the  proportion. 


8±C  :  8i:  B^e  '.  R 

As  the  sections  of  a  solid  are  seldom  similar  and  equal,  we 
ihall  usually  have  a  different  value  of  e  for  every  section,  from 


240 


FIELD  EKGIKEEBIHra. 


-which,  howerer,  a  mean  average  value  may  be  deduced,  ai 
used  ia  the  above  formula.  But  it  will  be  more  convenient  tc 
correct  the  areas  themselves  for  eccentricity  before  finding  S, 
which  will  then  require  no  correction.    For  the  same  resul 

wiJl  ensue  whether  we  multiply  6  by  -^-,  or  multiply  one  o1 

the  component  factors  of  8  by  the  same  ratio. 

If  then  6  =  correction  of  area  in  square  feet  due  to  eccentri- 
city, we  have  at  once 

Ae 


6  = 


iJ 


and  the  corrected  area  equals  A  ±  e  according  as  the  cut  is 
deeper  on  the  outside  or  inside  of  the  curve.  Each  area  used 
in  determining  the  solid  contents  should,  on  a  curve,  be  first 
corrected  in  this  manner. 

# 

To  find  t?ie  value  of  e  for  any  three-level  section.     Pig.  104 


Fig.  101 

Find  the  areas  either  side  of  the  centre  line  separately,  call 
ing  them  iland  K,  and  take  their  sum  and  difference.  Using 
the  same  notation  as  in  §  255,  H  =  ^^^md  +  ibh,  K  =  ^nd  + 
Ibk,  and  n'^K=A, 

K  -H  =^d(n-  m)  +  y){k-'h) 

In  the  figure  draw  GE'  equal  to  CE,  and  the  triangle  CE'B 
will  represent  the  area  (^K  —  IT).  Bisect  the  side  E'D,  and 
draw  a  line  from  G  to  the  middle  point.     Then  the  centre  of 
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gravity  of  the  triangle  will  be  on  this  line  at  two  thirds  itfc 
length  from  (7,  and  the  horizontal  distance  of  the  centre  of 
gravity  from  (7  is  |  X  i(w  +  n)  —  ^(m  +  n).  The  centre  of 
gravity  of  the  remainder  of  the  section  is  on  the  centre  line 
CG,  so  that  the  value  of  e  is  found  from  the  proportion 

e  :  ^{n  -j-w)  ::  K ^  Hi  A 


(K^H) 


Hence 


c:=^  =  '^^W(n-m)  +  V>i}c--h)-\     (358) 


Sections  which  are  more  irregular  may  be  plotted  and 
reduced  by  averaging  lines  to  three-level  sections,  in  order  that 
the  formula  may  be  applied.  If  the  ground  is  so  irregular  as 
to  require  the  computation  of  the  middle  section,  the  correc- 
tion c  should  be  found  and  applied  to  this  ar^a  (M)  also 
before  introducing  it  into  the  prismoidal  formula.  As  the 
correction  for  curvature  is  always  relatively  small,  it  is  usually 
ignored  in  practice  for  thorough  cuts,  except  where  deep  cut- 
tings with  steep  transverse  slope  occur  on  sharp  curves. 

Tlie  correction  is  of  more  importance  relatively  in 
Side-hill  work  as  the  centre  of  gravity  of  the  section  is 
more  remote  from  the  centre  line.  Let  the  section  be  reduced 


Fia.  106. 

to  a  triangle  by  an  averaging  line  (Pig.  105),  and  w  be  the  base 
of  the  triangle  formed  by  the  averaging  line.  The  centre  of 
gravity  is  at  one  third  the  horizontal  distance  from  the  middle 
point  of  w  to  the  side  stake  D,  while  the  distance  of  this 
middle  point  from  the  centre  stake  G  is  evidently  \b  —  ^. 
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Hence  e  =^  ^b  —  ^w  -\-  i\n  —  (i*  —  iw)] 

or  «  =  K*  +  »  —  to) 

and  c  =  -g-  =  -X__ x-g-       .        (359) 

The  correction  c  will  be  plus  or  minus  as  before  explained. 
This  formula  applies  to  all  side-hill  triangular  sections, 
whether  there  be  cut  or  fill  at  the  centre  stake 

Example  1. — Thorough  cut;  base  20;  slopes  1^  :  1. 

Z  =  100;  8"  curve,  left;  E  =  716.78 

TiT,  J      I     16    ,    12    ,    58 

A'    A-  l?-4--l-J.i9_ 
"'"    2   ^    0   "^  20 

Then  JT  =  i  X  58  X  la  +  i  X  20  X  32  =  508 

jy  =  i  X  16  X  12  +  i  X  20  X  4  =  116  .-.  .4  =  624 

(A  +  c)      637.49 
JC'  =  ix40x8  +  iX20x20  =  260 

IT'  =  i  X  13  X  8  +  i  X  20  X    2  =    62  .  •.  ^'  =  322 



K-H=  198 

(^' +  (?')  =  326.87 

From  which  we  obtain  8  —  1758  cub.  yds. — Ans. 
Without  correction  we  have  1726    "      ** 


Showing  a  difference  of  32 


H  it 


Had  the  curve  been  to  the  right  with  same  notes,  c  would 
have  been  mimis,  and  8  would  =  1694. 
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Example  2.— Side-hill  cut;  base  20;  slopes  1^  :  1 

i  =  60;  10°  curve,  right;  R  =  573.69 

Note..  A  +  A..40. 

0   ^  2.8  ^  20 

0.8  """©.O"^  "18 
^  =  i  X  16  X20  =  160 

{A  -  c)  =  156.42 
^'  =  i  X  8  X  18  =  72 

,       20  +  37-8  ^^ 
'  =-"  33^573769"  ^^  =  ^'Q5 

(J'-c)=    69.95 
Hence  iS^  =  248  cub.  yds. 

Without  correction's' would  =  255    **      " 

Difference         7    **      ** 

260.  Haul.— The  cost  of  removing  excavated  material, 
when  the  distance  does  not  exceed  a  certain  specified  limit,  is 
included  in  the  price  per  cubic  yard  of  the  material  as  meas- 
ured in  the  cutting.  But  when  the  material  must  be  carried 
beyond  this  limit,  the  extra  distance  is  paid  for  at  a  stipulated 
price  per  cubic  yard,  per  100  feet.  The  extra  distance  is  known 
by  the  name  of  haul,  and  is  to  be  computed  by  the  engineer 
with  respect  to  so  much  of  the  material  as  is  affected  by  it. 

The  contractor  is  entitled  to  the  benefit  of  all  short  hauls 
Gess  than  the  specified  limit),  and  material  so  moved  should  not 
be  averaged  against  that  which  is  carried  be3'ond  the  limit. 
Therefore,  in  all  cuts,  the  material  of  which  is  all  deposited 
within  the  limiting  distance,  no  calculation  of  haul  is  to  be 
made. 

On  the  other  hand,  the  company  is  entitled,  in  cases  of  long 
haul,  to  free  transportation  for  that  portion  of  the  cutting,  no 
ono  yard  of  which  is  carried  beyond  the  specified  limit.  There- 
fore, this  portion  is  first  to  be  determined  in  respect  to  its  ex- 
tent; and  the  number  of  cubic  yards  contained  in  it  is  to  be  de- 
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ducted  from  the  total  content  of  the  cutting,  before  eatiiDating 
the  haul  upon  the  remainder.  Find  on  the  profile  of  the  line 
two  points,  one  in  excavation,  and  the  other  in  embankment, 
such,  that  while  the  distance  between  them  equals  the  spocified 
limit,  the  included  quantities  of  excavation  and  embankment 
shall  just  balance.  These  points  are  easily  found  by  trial,  with 
the  aid  of  the  cross  sections  and  calculated  quantities,  and  be- 
come the  starting  points  from  which  the  haul  of  the  remainder 
of  the  material  is  to  be  estimated. 


Fig.  106  represents  a  cut  and  fill  in  profile.  The  distance 
AB  is  the  limit  of  free  haul.  The  materials  taken  from  A  O 
just  make  the  fill  OB  and  without  charge  for  haul;  but  the  haul 
of  every  cubic  yard  taken  from  AGy  and  carried  to  the  fill  BD^ 
is  subject  to  charge  for  the  distance  it  is  carried,  less  AB.  It 
would  be  impossible  to  find  the  distance  that  each  separate  yard  i 
is  carried,  but  we  know  from  mechanics  that  the  average  dis- 
tance for  the  entire  number  of  yards  is  the  distance  bet^ween 
the  centres  of  gravity  of  the  cut  AG,  and  of  the  fill  BD  which 
is  made  from  it.  If,  therefore,  Xand  F  represent  the  centres 
of  gravity,  the  actual  average  haul  is  the  sum  of  the  distances 
{AX-\-BT),  and  this  (expressed  in  stations)  multiplied  by  the 
number  of  cubic  yards  in  the  cut  AG,  gives  the  product  to 
which  the  price  for  haul  applies. 

But  the  product  of  AX  by  the  number  of  cubic  yards  in  AC 
is  equal  to  the  sum  of  the  products  obtained  by  multiplying  the 
contents  of  each  prisraoid  in  -4(7  by  the  distance  of  its  own 
centre  of  gravity  from  A,  The  distance  of  the  centre  of  gravity 
of  a  prismoid  from  its  mid-section  is  expressed  by  the  formula 

_  I' {A- A) 
''-    12X27^  ^^®^> 

If  we  replace  8  by  its  approximate  value,      oya?     '  'which 
will  produce  no  important  error  in  this  case,  we  have 

-A  ■"•*  Jx  tt%^^^ 

^  "^  "6  •  A+A  ^^^ 
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ta  whi(^  A  should  always  re^preaent  tine  more  remote  eqd  area 
from  the  atarting  point  Ay  fig,  106,  Hence,  »  may  Ixe  +  or  — , 
and  it  must  be  applied,  wUU  ita  p)x>per  sign,  to  the  distauoe  el 
the  mid  section  from  the  atarting  point  4,  before  multiplying 
by  the  contenta  &    £acU  partial  prodviel  i»  thua  obtained. 

By  a  similar  process  with  respect  to  the  prismoids  composing 
the  mass  RD,  and  using  the  point  B  as  the  starting  point,  we 
obtain  finally  a  aum  of  the  products  representing  this  portion 
of  the  haul. 

If  a  cut  is  divided,  and  parts  are  carried  in  opposite  direc- 
tions, the  calculation  of  each  part  terminates  at  the  dividing 
line.  If  a  portion  of  the  material  in  AGm  wasted,  it  must  be 
deducted,  and  the  haul  calouluted  only  on  tho  remainder. 

The  specified  limit  is  sometimes  made  as  low  as  100  feet, 
sometimes  as  high  as  1000  feet.  A  limit  of  about  300  feet,  how- 
ever is  usually  most  convenient,  as  it  includes  the  wheelbarrow 
work,  and  a  large  part  of  the  carting,  while  it  protects  the  eon- 
tractor  on  such  long  hauls  as  may  occur. 


S70.  The  Final  iElaliinate  is  a  complete  statement  In 
detail,  of  the  amount  of  work  done  and  materials  provided,  in 
the  (construction  of  the  ix>ad,  and  is  the  basis  of  final  settlement 
between  the  company  and  contractor.  Its  preparation  should 
be  begun  as  soon  as  possible  after  the  work  is  iu  prctgress,  and 
should  be  continued,  as  fiaat  as  the  necessary  data  are  accumu- 
lated,  while  the  circumstances  are  still  fresh  in  mind,  and  when 
any  omissions  in  the  field  notes  may  be  readily  supplied.  The 
content  of  each  prismoid,  the  classification  of  its  material,  and 
the  length  of  haul  to  which  it  is  subject,  should  be  matters  of 
special  record  in  a  book  provided  for  that  purpose.  These  re- 
sults having  been  carefully  computed  by  exact  methods  form 
a  standard  of  comparison  for  those  approximate  results  which 
must  be  had  from  lime  to  tlmeduringtheprogressof  the  work, 
and  furnish  a  limit  to  the  amounts  of  the  monthly  estimates. 
The  same  remark  applies  to  all  other  items  of  labor  and  mate- 
rial. The  notes  and  record  of  the  final  estimate  should  be  par- 
ticularly full  and  exact  in  respect  to  all  such  items  as  will  be 
inaccessible  to  measurement  at  the  completion  of  the  work, 
such  as  foundation  pits,  foundation  courses  of  masonry,  cnl- 
vcrts,  and  works  under  water. 


246  FIELD  ENGINEERING. 

271.  Monthly  estimates.— On  or  before  the  last  day 
of  every  month  during  the  progress  of  construction,  measure- 
ments are  taken  to  determine  the  total  amount  of  work  done 
and  material  provided  up  to  that  date.  The  estimates  based 
on  these  measurements  are  called  Monthly  Estimates.  It  is  fre- 
quently necessary  to  take  measurements  for  both  monthly  and 
final  estimates  at  other  times  fhan  the  end  of  the  month,  as  in 
the  case  of  foundations  which  are  not  long  accessible.  With 
respect  to  each  piece  of  work  satisfactorily  completed,  the 
monthly  estimate  should  be  exact,  and  identical  in  amount 
with  the  final  estimate.  With  respect,  liowever,  to  items  of 
work  in  progress  at  the  time  of  measurement,  the  monthly 
estimate  is  only  approximate,  yet  should  be  as  precise  as  the 
nature  of  the  case  will  allow;  and  the  quantities  stated  should 
not  be  in  excess  of  fair  proportion  of  the  total  quantities  given 
on  the  final  estimate  for  the  same  piece  of  work. 

A  special  field  book  is  devoted  to  monthly  estimate 
notes.  Each  page  should  be  dated  with  the  day  on  which  the 
notes  upon  it  were  taken.  The  notes  consist  of  measurements 
of  all  sorts,  principally  of  cross  sections  partially  excavated. 
These  sections  should  be  at  the  same  points  on  the  line  as  the 
original  sections,  so  that  comparisons  may  be  made.  Where- 
ever  the  excavation  is  finished  to  grade,  it  is  only  necessary  to 
write  "completed"  opposite  such  stations,  and  the  quantities 
may  be  taken  from  the  final  estimate  or  computed  from  the 
original  notes.  It  is  frequently  necessary  to  retrace  portions 
of  the  centre  line  in  taking  estimate  notes,  so  that  all  the  field 
instruments  are  required,  but  a  party  of  three  or  four  men  is 
usually  sufficient. 

If  the  contractor  has  provided  materials,  such  as  stone,  lum- 
ber, etc.,  which  are  not  as  yet  put  into  any  structure  when  the 
estimate  is  taken,  these  should  be  measured  and  entered  under 
the  head  of  temporary  allowance,  an  arbitrary  price  be- 
ing used  somewhat  below  the  actual  value  of  the  material  as 
delivered.  Such  allowances  should  never  be  copied  from  one 
month's  estimate  to  the  next,  but  made  anew  on  such  material 
as  may  be  found  that  seems  to  require  it.  But  all  completed 
items  of  contract  work,  and  of  extra  work  when  ordered  by 
the  engineer,  are  necessarily  copied  from  one  monthly  esti- 
mate to  the  next  during  the  continuance  of  the  contract. 

A  blank  form  is  used  by  the  resident  engineer  iu  report 
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ing  monthly  estimates,  on  which  a  column  is  provided  for  each 
class  of  material  and  work  required  by  the  contract,  while  the 
several  lines,  headed  by  the  numbers  of  the  proper  stations,  are 
devoted  to  the  different  cuttings,  structures,  etc.,  in  consecu- 
tive order  as  they  occur  on  the  line  of  road.  The  estimates  are 
made  out  and  reported  separately  for  the  several  sections  into 
which  th&  line  of  road  is  divided  for  letting. 

Tliese  reports  are  reviewed  by  the  division  engineer,  and 
the  footings  copied  upon  another  blank,  which  is  the  monthly 
estimate  proper;  the  prices  are  attached  to  the  items,  and  the 
amounts  extended  and  summed  up.  This  sum  indicates  ap- 
proximately the  total  amount  earned  by  the  contractor  up  to 
date,  from  which  is  deducted  a  certain  percentage  (usually  15 
per  cent.),  which  is  retained  by  the  company  until  the  comple- 
tion of  the  contract.  From  the  remainder  is  deducted  the 
amount  of  previous  payments,  which  leaves  the  amount  due 
the  contractor  on  the  present  estimate.  A  blank  form  of  re- 
ceipt is  appended,  to  be  signed  by  the  contractor. 


CHAPTER  XI. 

Topographical  Sketching. 

272.  Topographical  sketches  taken  on  preliminary  surveys 
are  usually  of  great  value  in  projecting  a  line  for  location; 
they  should  be  made  therefore  as  accurate  and  complete  as 
possible.  In  too  many  instances  sketches  are  presented  having 
a  picturesque  appearance,  but  conveying  little  information,  if 
not  tending  to  mislead  the  map-maker.  The  aim  of  the  topog- 
rapher should*  be  to  record  the  topographical  features  either 
side  of  the  line  with  as  much  precision  as  those  directly  upon 
the  line,  without  taking  actual  measurements,  except  in  rare 
instances.  The  eye  and  the  judgment  must  be  usually  depended 
on  for  distances  and  dimensions.  The  sketch  of  a  tract  ex- 
tending to  400  feet  each  side  of  the  line  ought  to  be  accurate 
enough  to  warrant  its  being  copied  literally  upon  the  map.  If 
a  much  wider  range  is  required  it  may  be  advisable  to  use  the 
plane-table;  but  an  approximation  to  plane-table  methods  may 
be  employed  in  ordinary  sketching. 
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273.  As  artificial  features  are  the  most  readily  de- 
fined aad  located  these  should  first  roccive  attenlion  in  making 
a  sketch.  When  recorded  they  form  a  skeleton  upon  which 
the  natural  features  can  be  drawn  with  more  precision  than  if 
the  order  were  reversed.  The  point  whore  each  fence  crosses 
the  line  and  the  angle  between  the  two  may  be  sketched  exact- 
ly. The  distance  along  the  fence  to  any  object  may  be  esti> 
mated»  and  checked  (in  case  of  an  oblique  angle)  by  observing 
where  a  line  from  the  object  perpendicular  to  the  centre  line 
would  intersect  the  latter.  The  book  may  be  rested  on  any 
support,  the  centre-line  of  the  page  coinciding  with  the  line  of 
survey,  and  the  direction  of  objects  defined  by  a  small  ruler 
laid  on  the  page.  This  operation  being  repeated  from  another 
point  gives  intersections  which  locate  the  several  objects  oo 
the  sketch.  If  the  bearings  are  taken  they  may  be  plotted  on 
the  page  as  well  as  recorded;  giving  the  same  results.  The 
eye  may  be  trained  to  estimate  distances  correctly  by  observ- 
ing the  appearance  of  objects  along  the  measured  line,  the  dis- 
tances to  which  are  therefore  known. 

274.  After  the  artificial  objects  the  more  distinct  natural 
features  are  to  be  sketched,  as  streams,  shores,  margins  of 
swamps,  forests,  etc.,  ravines,  ridges,  and  bluffs,  taking  care 
that  all  these  outlines  intersect  the  features  of  the  sketch 
already  delineated  at  the  proper  points.  The  correct  repre- 
sentation of  contours  is  the  most  difficult  part  of  sketching, 
since  these  lines  are  quite  imaginary,  yet  for.  railroad  maps 
they  are  usually  as  important  as  any  others.  It  is  desirable  to 
know  not  only  the  locality  of  a  hill  or  slope,  but  also  its  shape, 
steepness,  and  height.  This  information  is  best  given  by  con- 
tour lines.  A  contour  is  the  intersection  of  the  surface  of  the 
ground  by  an  imaginary  Ie?el  surface.  "When  the  surface  is 
real,  like  that  of  a  lake,  the  intersection  is  called  a  shore.  If 
the  water  should  rise  a  certain  height  a  new  shore  would  be 
defined,  and  rising  double  that  height  still  another  shore 
would  result,  each  of  which,  on  the  subsidence  of  the  water, 
would  be  a  contour.  A  practiced  eye  is  able  to  follow  on  the 
ground  the  course  of  a  contour  with  all  its  windings;  but  m 
sketching  them  due  allowance  must  be  made  for  the  fore- 
shortening effect  of  distance.  All  contours  on  the  same  sketch 
should  have  the  same  vertical  interval,  so  that  by  counting 
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(hem  tbe  height  of  the  hill  may  be  known.  The  spaces  on  the 
sketch  between  contours  vary  as  the  cotangent  of  the  slope 
angle,  so  that  the  width  of  the  spaces  indicates  the  degree  of 
sleopnoss.  The  contours  nearest  the  topographer  should  gene^ 
rally  \yQ  sketched  fir$t,  although  if  there  be  a  sliore  that  is  apt  to 
bo  tbe  host  guide  to  the  shape  of  the  slopes.  If  the  height  of  the 
hill  is  kuowo  and  the  upper  contour  located,  the  other  contours 
can  bo  spaced  between  with  less  difficulty,  tlio  proper  number 
beiug  ascertained  by  dividing  the  height  by  tho  assumed  verti- 
cal interval.  A  special  line  of  levels  up  an  inclined  ravine  or 
sloping  ridge  to  fix  the  contour  points  is  often  of  the  greatest 
service  in  obtaining  correct  results.  Other  random  lines  are 
sometimes  run  to  locate  the  contours  more  definitely.  These 
should  be  made  to  cross  several  contours  rather  than  to  trace  a 
single  one.  Old  preliminary  lines  which  have  proved  useless 
in  thcniselves  often  furnish  by  tlneir  profiles  valuable  informa- 
tion ia  respect  to  contours. 

The  uso  of  hatchings  should  be  avoided  in  the  sketch-book, 
except  to  represent  precipitous  banks,  or  slight  terraces,  which 
would  not  be  sufficiently  defined  by  the  contour  system. 
Hatchings  freely  used  consume  too  much  time,  and  fail  to  give 
an  accurate  idea  of  either  slope  or  height,  while  they  obscure 
the  page  for  the  representation  of  other  objects. 

27S*  The  centre  line  on  the  page  is  straight,  and  for 
sketching  purposes  the  surveyed  line  on  the  ground  is  assumed 
to  be  so  also.  Slight  deflections  in  the  course  of  a  preliminary 
line  may  be  ignored  in  the  sketch;  but  if  a  large  angle  occurs 
it  is  better  to  terminate  the  sketch  with  the  course,  and  begin 
again,  leaving  a  few  blank  lines  between  the  two  sketches. 
On  a  located  line  with  curves,  the  sketch  is  continuous.  •  The 
curved  line  in  the  field  is  represented  by  the  straight  line  on 
the  page,  and  the  radial  lines  through  the  stations  are  repre- 
sented by  the  parallel  lines  ruled  across  the  page.  All  objects 
are  sketched  at  the  proper  offset  distance  by  scale  from  the 
centre  line;  but  longitudinally  the  sketch  is  necessarily  dimin^ 
ished  outside  of  the  curve,  and  magnified  inside  of  the  curve. 
Consequently  topographical  lines  which  are  straight  in  fact  ap- 
pear curved  in  tho  sketch,  concave  to  the  centre  Ime  if  inside 
the  curve,  and  convex  if  outside  of  it.  Such  features  are  cor- 
rectly skotohed  by  means  of  offsets  estimated  or  measured 
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from  each  station  of  the  curve  on  the  radial  lines.  This  kind 
of  distortion  creates  no  confusion  if  properly  done,  for  in  mak- 
ing the  map,  after  drawing  the  curve  and  the  radial  lines,  the 
same  offsets  will  give  the  correct  positions  of  the  objects  delin- 
eated. This  method  is  preferable  to  drawing  a  curved  line  on 
the  page  to  represent  the  centre  line,  as  it  is  difficult  to  draw 
it  correctly;  it  will  cross  the  ruled  lines  obliquely,  rendering 
them  of  no  service  for  offsets  or  scale,  and  moreover  is  likely 
to  run  off  the  page  altogether. 


CHAPTER  XII. 

! 

Adjustment  of  Instruments.  i 

Every  adjustment  consists  of  two  processes:  first  ths  test,  and  I 
second  t?ie  correction.     Inasmuch  as  the  amount  of  correction 
is  made  by  estimation,  the  test  must  always  be  repeated  until 
no  further  lack  of  adjustment  is  observable. 

276,  THE  transit. 

The  level  tubes  should  be  parallel  to  tlie 
vernier  plate. 

Test :  Place  the  tubes  in  position  over  the  levelling  screws, 
and  turn  the  latter  till  the  bubbles  are  centred;  revolve  the 
plate  180°.  The  bubbles  should  remain  centred;  if  they  have 
retreated^ 

Correction  :  Bring  them  half  way  back  to  the  centre  by 
turning  the  adjusting  screws,  which  attach  the  tubes  to  the 
plate. 

The^  line  of  coUimation  should  be  perpendi- 
cular to  the  horizontal  axis. 

Test :  Clamp  the  limb,  and  by  the  tangent  screws  bring 
the  intersection  of  the  cross-hairs  to  cover  a  well-defined  point 
about  on  a  level  with  the  telescope;  plunge  the  telescope  to 
look  in  the  opposite  direction,  and  note  any  point  about  on  a 
level  with  the  telescope  and  about  equidistant  with  the  first 
point,  which  the  intersection  of  the  cross-hairs  now  happens  to 
cover.  Now  unclamp  the  limb  and  turn  through  180**,  and 
repeat  the  above  operation,  using  the  same  ^7*«^  point  as  before^ 
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The  third  point  obtained  should  be  identical  with  the 
second;  if  not — 

Correction  :  Move  the  vertical  cross-hair  over  one  fourth 
of  the  apparent  distance  from  the  third  to  the  second  point,  by 
turning  the  adjusting  screws  at  the  side  of  the  telescope. 

Tlie  horizontal  axis  should  he  parallel  to  the 
vernier  plate*  ■ 

Test :  After  completing  the  above  adjustments  level  the 
hmb,  clamp  it,  and  bring  the  intersection  of  the  cross-hairs  to 
cover  some  high  point  so  that  the  telescope  may  be  elevated  to 
a  large  angle ;  depress  the  telescope  and  note  some  point  on  the 
ground  now  covered  by  the  intersection  of  the  cross-hairs. 
Now  unclamp  the  limb,  turn  it  through  180*",  and  repeat  the 
above  operation,  using  the  same  high  point  as  before.  The 
third  point  found  should  be  identical  with  the  second ;  if  not — 

Correction :  Raise  the  end  of  the  axis  opposite  the  second 
point  (or  lower  the  other  end)  by  a  small  amount,  by  turning 
the  adjusting  screws  in  the  standard.  The  amount  of  motion 
required  is  only  determined  by  repeated  trials  until  the  test  is 
satisfied. 

The  intersection  of  the  cross-hairs  should 
appear  in  the  centre  of  the  field  of  view. 

•  Test :  Bring  the  cross-hairs  into  focus  and  direct  the  tele- 
scope toward  the  sky,  or  hold  a  slieet  of  blank  paper  in  front 
of  It.     If  the  intersection  appear  eccentric — 

Correction  :  Turn  the  screws  (by  pairs)  which  support 
the  end  of  the  eyepiece  until  the  desired  result  is  obtained. 

If  there  be  a  level  on  the  telescope  it  should  he 
parallel  to  the  line  of  eolliraation. 

Drive  two  stakes  equidistant  from  the  instrument  in  exactly 
opposite  directions,  and  having  perfected  the  previous  adjust- 
ments, level  the  plate  carefully,  clamp  the  telescope  in  about 
a  horizontal  position,  and  observe  a  rod  placc^l  on  each  stake. 
Have  the  stakes  driven  by  trial  until  the  rod  reads  alike  on 
both.  The  heads  of  the  stakes  are  then  on  a  level.  Re- 
move the  instrument  beyond  one  stake,  and  set  it  up  in 
hue  with  the  two,  level  the  plate,  and  elevate  or  depress  the 
telescope  to  a  position  which  will  again  give  equal  readings 
on  the  stakes.    The  line  of  colli mation  is  now  level — 
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Test  t  While  in  this  po«ilion  iht  bubble  of  tlie  atlttcbed 
level  should  stand  centred;  if  not — 

Coinrection  l  Bdn^  the  bubble  to  the  oe&tre  by  turning 
the  nuts  at  one  end  of  the  tube,  while  the  cross-hair  continues 
to  give  equal  readings. 

277.  THE  T  LEVEL. 

The  line  of  collimaiion  sliould  coincide  iirith 
the  axis  of  the  telescope. 

Test :  Clamp  the  spindle,  and  bring  the  inteniection  of  the 
cross-hairs  to  cover  a  well-defined  point  by  the  tangent  and 
levelling  screws;  revolve  the  telescope  half  over  in  the  Ys,  so 
that  the  level  tube  is  -on  top.  The  intersection  of  the  cross- 
hairs ahould  still  co  vx3r  the  point   If  either  hair  has  departed— 

Correction :  bring  it  half  way  back  by  means  of  the  pair 
oc  adjusting  screws  at  the  extremities  of  the  other  hair. 

The  attached  level  should  he  pai^llel  to  the 
axis  of  the  telescope. 

Test :  Bring  the  telescope  over  one  pair  of  levelling  screws, 
cWmp  the  spindle,  open  the  clips,  and  bring  the  bubble  to  Uie 
centre.  Then  gently  remove  the  telescope  from  the  Ys,  and 
replace  it  end  for  end.  If  the  Ys  have  not  been  disturbed,  the 
bubble  should  return  to  the  centre.    If  it  does  not — 

Correction  :  bring  the  bubble  half  way  back  by  turning 
the  nuts  at  one  end  of  the  tube. 

But  as  now  the  level  tube  and  telescope  may  only  lie  in 
parallel  planes,  and  yet  not  bo  parallel  to  each  other — 

Test:  bring  the  bubble  to  the  centre  as  before,  and  turn 
the  telescope  on  its  axis  so  as  to  bring  the  level  tube  out  to  one 
side.    The  bubble  should  remain  centred.   If  it  has  departed — 

Correction  :  bring  it  back  to  the  centre  by  the  adjusting 
screws  at  one  end. 

The  axis  of  the  telescope  should  he  at  rig^ht 
ang:les  to  the  spindle. 

Test :  Having  completed  the  above  adjustments  (and  not 
before),  fasten  down  the  clips,  unclamp  the  spindle,  and  bring 
the  bubble  to  the  centre  over  each  pair  of  levelling  screws  in 
succession,  then  swing  the  telescope  end  for  eitd  on  the  Spin- 
dlt?.    The  bubble  should  settle  at  the  centre.    If  it  do  not — 

Correction  t  bring  it  half  way  back  by  the  large  huts  at 

ne  end  of  the  bar. 
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278.  THE  THEOBOLTTE. 

Thii3  instrument  being  a  combination  of  Transit  and  Level, 
its  several  adjustments  are  to  be  made  according  to  the  rules 
already  given  for  ttiose  instruments. 


CHAPTER  XIII. 

Explanation  of  Tables. 

Table  I. — Contains  concise  statements*  of  such  geometrical 
truths  as  are  applicable  to  the  various  discussions  in  this  volume. 
References  are  given  to  Davies'  Geometry,  in  which  the  demon- 
strations of  the  propositions  may  be  found. 

Table  II. — Contains  all  the  formulae  necessary  to  the  solu- 
tion of  any  plane  triangle ;  also,  a^  select  list  of  miscellaneous 
formulae.  A  few  formulae  with  respect  to  the  versed  sine  and 
external  secant  are  new. 

Table  III. — Contains  a  complete  list  of  formula  expressing 
the  relations  between  the  radius,  tangent,  chord,  versed  sine, 
external  doGaiit,  and  central  angle  of  a  railway  curve;  also,  the 
relaliofis  between  the  radius,  degree  of  curve,  length  of  curve, 
and  central  angle.  The  notation  is  identical  with  that  used 
elsewhere  in  the  book. 

TABiiB  IV. — Contains  the  radius,  and  its  logarithm,  for  every 
degree  of  cur^  to  single  minutes  up  to  10  degrees,  and  thence 
by  larger  intervals  up  to  50  degrees.  With  the  radius  is  given 
also  the  perpendicular  off -set,  t,  from  the  tangent  to  a  point  on 
the  curve  at  the  end  of  the  first  100-foot  chord  from  the  tan- 
gent-point, and  the  middle  ordinate,  w,  of  a  100-foot  chord. 
See  eqs.  (16,  34,  37,  40,  and  805). 

Tabi^  v.— Oo&tains  the  corrections  to  be  added  to  the  tan- 
gents and  externs^s  of  any  railroad  curve,  as  obtained  by  refe« 
r^ice  to  Table  VL,  according  to  the  degree  of  the  given  curve 
(found  at  head  of  columns),  and  its  central  angle,  (found  in  the 
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first  column.)  If  the  given  degree  of  curve,  or  central  angle, 
does  not  appear  in  the  table,  the  exact  value  of  the  correction 
may  be  easily  obtained  by  interpolation. 

Table  VI. — Contains  the  exact  values  of  the  tangeats,  T, 
and  externals,  E,  to  a  1  degree  curve,  for  every  10  minutes  of 
central  angle,  from  1"  to  120"  50'.  Approximate  values  of  the 
(angent  and  external  to  any  other  degree  of  curve  may  be  had 
')>'  simply  dividing  the  tabular  values  opposite  the  given  cen- 
tral angle  by  the  given  degree  of  curve,  expressed  in  decrees. 
These  approximations  may  be  made  exact  by  adding  the  proper 
corrections  taken  from  Table  V.     See  eqs.  (31)  and  (34). 

Table  VII. — Contains  the  value  of  Long  Chords  of  from  2 
to  13  stations,  for  every  10  minutes  of  degree  of  curve  from  0^ 
to  15°,  and  of  a  less  number  of  stations  for  degrees  of  curve  be- 
tween 15°  and  dO\  As  the  chord  of  one  station  is  always  100 
feet,  the  column  of  the  first  station  gives  instead  the  length  of 
arc  subtended  by  the  chord  of  100  feet.  See  §§  121, 122,  133, 
124,  125. 

Table  VIII. — Contains  the  values  of  Middle  Ordioates  to 
long  chords  of  from  2  to  12  stations,  for  every  10  minutes  of 
degree  of  curve  from  0°  to  10°,  and  of  from  2  to  6  stations  for 
every  curve  froin  10°  to  20°,  at  10-minute  intervals.  The  table 
may  be  used,  not  only  to  fix  the  middle  point  of  an  arc,  but 
also,  in  conjunction  with  the  table  of  long  chords,  to  locate  in- 
termediate stations.     See  §§  131,  122,  123,  124,  125. 

Table  IX. — Contains  the  chords  of  a  seriea  of  angles  vary- 
ing by  half  degrees  up  to  30°  for  radii  varying  by  100  feet  up  to 
1000  feet.  It  shows,  therefore,  the  linear  opening  between 
the  extremities  of  two  equal  lines  at  any  given  number  of  hun- 
dred feet  from  their  intersection,  when  the  angle  does  not  ex- 
ceed 30°.  For  any  distance  exceeding  1000  we  have  only  to 
add  to  the  value  found  in  that  column,  the  value  found  in  the 
column  headed  by  the  excess  of  distance  over  1000  feet.  Con- 
versely, the  table  gives  the  angular  deflection  required  between 
two  equal  lines,  in  order  that  at  a  given  distance  from  the  point 
of  intersection  they  may  be  separated  a  given  amount. 
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Table  X. — 1.  Contains  values  of  the  ratio  w  =  — ,  accord- 

A 
ing  to  the  notation  of  §  147  for  finding  the  angle  i  (Fig.  34) 
between  the  radius  PO  of  the  curve  at  any  point  P,  and  the 
tangent  PK  to  the  valvoid  arc  PX  by  the  simple  formula 
eq,  {SO)t=uA.  Tiie  table  embraces  lengths  of  curve  from 
300  to  2000  feet,  and  central  angles  from  10°  to  120^ 

When  7777^-  =  00°  u  =  ^,  and  for  hasty  approximation  this 

value  of  u  may  be  assumed  in  any  case  without  consulting 
the  table. 

2.  Contains  values  of  the  ratio  v  =  —  for  finding  the  radius 

of  the  valvoid  arc  at  the  point  P  (Fig.  35)  in  terms  of  the 
length  of  curve  L  =  AP  by  the  simple  formula,  eq.  (82), 
r  =  vL. 

3.  Contains  values  of  the  length  l^  of  a  valvoid  arc  limited 
by  two  curves  of  equal  length  laid  out  from  the  same  tangent 
and  same  P.  (7.,  but  whose  central  angles  differ  by  1°.  The 
length  L  of  each  curve  is  given  in  the  first  column,  and  the 

half  sum  of  their  central  angles  I — r^ I  is  given  at  the 

hcc'id  of  the  other  columns. 

When  the  central  angles  of  two  curves  of  equal  length 
differ  by  x  degrees  the  length  I  of  the  valvoid  arc  joining 
their  extremities  is  expressed  by  the  simple  formula,  Fig.  36, 

eq.  (86)  ^  =  P'P''=(a'-  a")?. 

A  '  -I-   A  * 

in  which  l^  is  taken  from  the  column  headed  by — 

and  opposite  the  given  value  of  X;or  l^  is  found  by  inter- 
polation if  necessary.     See  §  150  and  example. 

Table  XI. — Contains  the  measurements  necessary  to  lay 
down  a  turnout  with  frogs  of  given  numbers  or  angles  for 
both  a  standard  and  a  three-foot  gauge.  The  distance  BF  is 
measured  on  the  rail  of  the  given  track  from  the  heel  of  the 
switch  to  the  point  of  the  frog,  while  af  is  the  chord  of  the 
centre  line  of  the  turnout  between  the  same  points.  The 
radius  r  applies  to  the  centre  line  of  the  turnout.  The  dis- 
tance aF'  is  measured  on  the  ccntrA  line  of  the  straight  track 
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from  tlie  hed  of  the  switch  to  the  point  of  the  middle  frog. 
The  length  of  switch  AD  sliould  conform  to  the  tabular 
values  unless  the  throw  is  to  be  different  from  that  assumed 
ux  the  table.     See  §§  180,  181,  183. 

Table  XII. — Contains  the  middle  ordinates  of  chords  vary- 
ing in  lengtli  from  10  to  32  feet,  and  for  degrees  of  curve  vary- 
ing from  1°  to  50°.   The  use  of  the  table  is  obvious.  See  §  199. 

Table  XIII. — Gives  the  proper  difference  in  elevation  of 
rails  on  curves  of  various  degrees  from  1"  to  50°  for  veloci- 
ties varying  from  10  to  60,  miles  per  hour.     See  §201. 

Table  XIV. — Gives  the  rise  of  grades  in  feet  per  mile  and 
their  angle  of  inclination  corresponding  to  a  rise  per  station 
(100  feet)  varying  from  0.01  foot  to  10  feet. 

Table  XV. — Contains  values  of  the  formula  (log  h—\) 
60384.3  in  which  h  =  reading  of  the  barometer  in  inches.  The 
inches  and  tenths  of  the  readings  are  iu  the  left-hand  column, 
while  the  hundredths  are  found  at  tlie  top  of  tlie  other  columns. 
The  difference  of  any  two  values  corresponding  to  two  read- 
ings taken  simultaneously  at  any  two  stations  is  the  differ- 
ence in  elevation  in  feet  of  those  stations.  But  the  differ- 
ence in  height  so  found  is  subject  to  a  correction  for  tempera- 
ture given  in  the  next  table.     See  §  10. 

Table  XVI. — Contains  coefficients  of  correction  for  atmos- 
pheric temperature,  by  which  the  approximate  heights  ob- 
tained by  Table  XV.  are  to  be  multiplied  for  a  correction  of 
these  heights,  which  correction  is  to  be  added  or  subtracted 
according  as  the  coefficient  given  in  the  table  is  marked 
+-  or  — .     See  §  11. 

Table  XVII. — Contains  corrections  in  feet,  required  by  the 
curvature  of  the  earth  and  the  refraction  of  the  atmosphere,  to 
be  applied  to  the  elevation  of  a  distant  object  as  obtained  by  a 
level  or  theodolite  obsei'vation  for  distances  ranging  from 
300  feet  to  10  miles.     See  §  319. 

Table  XVIII. — Contains  the  coefficients  for  reducing  the 
space  on  a  vertical  rod  intercepted  by  the  stadia  hairs  when 
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the  line  of  collimatioQ  is  inclined  to  the  horizon,  to  the  space 
that  would  be  Intercepted  were  the  line  of  colliraation  horizon- 
tal; promded,  that  the  visual  angle  0  defined  by  the  stadia  hairs 
19  such  that  tan  \B  =  .005  or  6  =  0'  34  82\G3,  which  is  its 
customary  value  in  surveying  instruments.  Tlie  angle  of  in- 
clination a  is  taken  at  every  10  minutes  through  half  a  quad- 
rant. 

TABiiB  XIX. — Contains  the  logarithms  of  the  coefficients 
ffiven  in  Table  XVIII. 

Table  XX.-^Gives  the  lengtlis  of  circular  arcs  to  a  radius 
=  1. 

To  find  the  length  of  any  arc  expressed  in  degrees,  minutes, 
and  seconds,  take  from  the  table  the  lengths  of  the  given  num* 
bar  of  degrees,  minutes,  and  seconds  respecti  vely,  and  multi- 
ply their  sum  by  the  length  of  the  radius.  The  product  is  the 
length  of  arc  required. 

Table  XXI. — Contains  the  values  of  vilnutes  and  seconds 
expressed  in  decimals  of  a  degree,  for  every  10  seconds  of  arc, 
and  also  for  quarter  minutes  up  to  one  degree. 

Table  XXII. — Contains  the  values  of  inches  and  fractions 
expressed  in  decimals  of  a  foot  for  every  82d  of  an  inch  up  to 
one  foot. 

Table  XXIII. — Contains  the  squares,  cubes,  square  roots, 
cube  roots,  and  reciprocals  of  numbers  from  1  to  1054.  Its 
use  may  be  greatly  extended  by  observing  that  if  any  number 
is  multiplied  by  n  its  square  is  multiplied  by  7»^  its  cube  by 

n',  and  its  reciprocal  by  — . 

Table  XXIV.— The  logarithm  of  a  number  consists  of 
two  parts,  a  whole  number  called  the  characteristic,  and  a  deci- 
mal called  the  mantissa.  All  numbers  which  consist  of  the 
same  figures  standing  in  the  same  order  have  the  same  man< 
tis^a,  regardless  of  the  position  of  the  decimal  point  in  the 
number,  or  of  the  number  of  ciphers  which  precede  or  follow 
the  significant  figures  of  the  number.  The  value  of  the  char- 
acteristic depends  entirely  on  the  position  of  the  decimal  point 
in  the  number.     It  is  always  one  less  than  the  number  of 
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figures  in  the  number  to  the  left  of  the  decima!  point  The 
value  is  therefore  diminished  by  one  every  time  the  decimal 
point  of  the  number  is  removed  one  place  to  the  Jcfl,  and  tyice 
versa.    Thus 


Nun0er. 

Logarithm 

13840. 

4.141136 

1384.0 

3.141136 

138.40 

2.141136 

13.84 

1.141136 

1.384 

0.141136 

.1384 

—1.141136 

.01384 

—2.141136 

.001384 

—3.141186 

etc. 

etc. 

The  mantissa  is  always  positive  even  when  the  characteristic 
is  negative.  We  may  avoid  the  use  of  a  negative  characteristic 
by  arbitrarily  adding  10,  which  may  be  neglected  at  the  closf 
of  the  calculation.     By  this  rule  we  have 

Number.  Logarithm,. 

1.384  0.141136 

.1384  9.141136 

.01384  8.141136 

.001384  7.141136 

etc.  etc. 

No  confusion  need  arise  from  tliis  method  in  finding  a  number 
from  its  logarithm;  for  although  the  logarithm  6.141136  repre- 
sents either  the  number  1,384,000,  or  the  decimal  .0001384,  yet 
these  are  so  diverse  in  their  values  that  we  can  never  be  uncer- 
tain in  a  given  problem  which  to  adopt. 

The  table  XXIV.  contains  the  mantissas  of  logarithms,  car- 
ried to  six  places  of  decimals,  for  numbers  between  1  and  9999, 
inclusive.  The  first  three  figures  of  a  number  are  given  in  the 
first  column,  the  fourth  at  the  top  of  the  other  columns.  The 
first  two  figures  of  the  mantissa  are  given  only  in  the  second 
column,  but  these  are  understood  to  apply  to  the  remaining 
four  figures  in  either  column  following,  which  are  comprised 
between  the  same  horizontal  lines  with  the  two. 

If  a  number  (after  cutting  off  the  ciphers  at  either  end)  con- 
sists of  not  more  than  four  figures,  the  mantissa  may  be  taken 
direct  from  the  table ;  but  by  interpolation  the  logarithm  of  a 
number  having  six  figures  may  be  obtained.  The  last  column 
contains  the  average  difference  of  consecutive  logarithms  on 
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the  same  line,  but  for  a  given  case  the  difference  needs  to  be 
verified  by  actual  subtraclion,  at  least  so  far  as  the  last  figure 
i  is  concerned.    The  lower  part  of  the  page  contains  a  complete 
hst  of  differences,  with  their  multiples  divided  by  10. 

To  find  the  lograritlim  of  a  number  having  six 
I  figures :— Take  out  the  mantissa  for  the  four  superior  places 
directly  from  the  table,  and  find  (he  difference  between  this 
mantissa  and  the  next  greater  in  the  table.  Add  to  the  man 
tissa  taken  out  the  quantity  found  in  the  table  of  proportional 
parts,  opposite  the  difference,  and  in  the  column  headed  by  the 
fifth  figure  of  the  number;  also  add  yV  the  quantity  in  the  col- 
umn headed  by  the  sixth  figure.  The  sum  is  the  mantissa 
required,  to  which  must  be  prefixed  a  decimal  point  and  Ihe 
proper  characteristic. 

Example,— Find  the  log  of  23.4275. 

For  2342  mantissa  is  369587 

'*    diff.  185  col.  7  129.5 

"       "      "     **    5  9.2 


Ans,  For  23.4275  log  is    1.369726 

The  decimals  of  the  corrections  are  added  together  to  deter- 
mine the  nearest  value  of  the  sixth  figure  of  the  mantissa. 

To  find  the  number  corresponding*  to  a  given 
logr^i*i^hi^* — If  the  given  mantissa  is  not  in  the  table  find  the 
one  next  less,  and  take  out  the  four  figures  corresponding  to  it; 
divide  the  difference  between  the  two  mantissas  l^y  the  tabu- 
lar difference  in  that  part  of  the  table,  and  annex  the  figures  of 
the  quotient  to  the  four  figures  already  taken  out.  Finally, 
place  the  decimal  point  according  to  the  rule  for  characteristics, 
prefixing  or  annexing  ciphers  if  necessary.  The  division  re- 
quired is  facilitated  by  the  table  of  proportional  parts,  which 
furnishes  by  inspection  the  figures  of  the  quotient. 

Example. — ^Find  the    number  of  which  the  logarithm   is 

8.363927  8.263927 

First  4  figures  1836  from  263873 


Diff. 

54.0 

Tabular  diff.  =236         . •.  5th  fig.  ±:  2 

47.2 

6.80 

6th  fig.  =  3 

7.08 

Ans.  Ko.  =  .0183623  or  183,623,000. 
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The  number  derired  from  a  six-pTace  logarithm  is  not 
reliable  beyond  the  sixth  figure. 

At  the  end  of  table  XXIV.  is  a  small  table  of  logarithms  of 
numbers  from  1  to  100,  with  the  characteristic  prefixed,  for 
easy  referenoe  when  the  glren  number  does  nol  exceed  two 
digitSw  But  the  same  mantissas  nuiy  be  iound  in  the  larger 
table. 

Tacia  XXV.^Thie  lojgraritliinlo  Bine,  taHgrent, 
etc*  of  an  arc  is  the  logarithm  oi  the  n&tural  sine,  tangent, 
etc  of  the  same  arc»  but  with  10  added  to  the  charaoteristtc  to 
avoid  negatires.  This  table  gives  log  sines,  tangents^  cosmes^ 
and  ooiangents  for  every  minute  of  the  quadrant.  Witci  itm 
number  of  degrees  ai  the  k;ft  side  of  the  page  are  to  be  read 
the  minutes  in  the  left-hand  column  ;  with  the  degix^es  ou 
the  right-hand  side  are  to  be  road  the  minutes  in  the  right-baud 
column.  When  the  degrees  appear  at  the  top  of  the  page  the 
top  headings  must  be  observed,  when  at  the  bottom  those  at 
the  bottom.  Since  the  values  found  for  arcs  in  the  first  quad- 
rant are  duplicated  in  the  second,  the  degrees  are  given  from 
0"  to  180*".  The  differences  in  the  logarithms  due  to  a  change 
of  one  second  in  tlie  arc  are  given  in  adjoining  columns. 

To  find  the  log.sin,  cos,  tan,  or  cot  of  a  g^iven 
arc. :  Take  out  from  the  proper  column  of  the  table  the  log- 
arithm corresponding  to  the  given  number  of  degrees  and 
minutes.  If  there  be  any  seconds  multiply  them  by  the  ad- 
joining tabular  difference,  and  apply  their  product  as  a  cor- 
rection to  the  logarithm  already  taken  out  The  correction  is 
to  be  adMed  if  the  logarithms  of  the  table  are  Increasing  with 
the  angle,  or  subtracted  If  they  are  decreasing  as  the  angle  in- 
creases. In  the  first  quadrant  the  log  sines  and  tangents  in- 
crease, and  the  log.  cosines  and  cotangents  decrease  as  the 
angle  increases. 

.S«v»  wpfe.— Find  the  log  sin  of  9**  S»'  20\ 

Log  sin  of  9°  28'  is  9.216097 

Add  correction  20  X  1^6^  S5d 

Ans.  9.216349 

Exa/mpte.— Find  the  log  cot  of  9°  28'  'SO*. 

Log  cotan  of  9°  28'  is  10.777948 

Subtract  con-ection  20  X  12.97  259 

Ans,  10777689 
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ro  find  the  angle  or  are  eorreis^tidiiig  to  a 
g^ven  lograrithmic  sine,  tangent^  eosiiie,  or  €0«- 
tangrent. — If  Urn  given  logarithm  ia  found  i&  Uie  proper 
column  take  out  the  degrees  and  minutes  directly;  if  not,  find 
the  two  consecutive  logarithms  between  which  the  given 
logaritkm  would  fall,  and  adopt  that  one  which  corresponds  to 
the  leadt  numb^f  t)f  minutes;  which  minutes  take  out  with  the 
degrees,  and  divide  the  difference  between  this  l<^;:arithni  and 
the  given  one  by  the  adjoining  tabular  difference  for  a  quo- 
tient, which  will  be  the  required  number  of  seconds. 

With  logarithms  to  six  places  ot  decimals  the  quotient  is 
not  unliable  beytmd  the  tenth  ot  a  second. 

Example. — 9.383781  is  the  log  tan  of  what  angle? 
Next  Im  9.883682  gives  13°  36' 

Diff*  i.OO  ^  %M  t=  05'. 3 


Am,     13°  36'  05".3 

£Sx(Hn^.'^9,249&4S  is  the  log  cos  of  what  angle? 
Next  greater  $83  gives  ^^  46' 

Jiff.  235  -«-  1L67  =  20M 


Ans.     79°  46  20M 

Th^  above  rules  do  not  apply  to  the  first  two  pages  of  this 
table  (except  for  the  column  headed  cosine  at  top)  because 
acre  the  differences  vary  so  rapidly  that  interpolation  made  by 
them  in  the  Usual  way  will  not  give  exact  results. 

On  tbe  first  two  pages,  Xhejirst  column  contains  the  number 
of  seconds  for  every  minute  from  rto2°;  the  minutes  are 
given  in  the  second,  the  log.  sin.  in  the  third,  and  in  thc/<?w^ 
are  the  last  three  figures  of  a  logarithm  which  is  tlie  difference 
between  the  log  sin  and  the  logarithm  of  the  number  of  sec- 
onds in  the  first  column.  The  first  three  figures  and  the  cUar- 
Boteristlc  of  this  logarithm  are  placed,  once  for  all,  at  the  hc^ 
of  tbe  column. 

To  find  the  lo^  sin  of  an  arc  less  than  2"*  given 

to  seconds. —Reduce  the  given  arc  to  secondly  and  take  the 
logarithm  of  the  number  of  seconds  from  the  table  of  loga- 
rithms, wA^M.  to  this  the  logarithm  from  the  fourth  column 
opposite  the  same  number  of  seconds.  The  sum  is  the  log  sin 
required 
Th«  logarithm  in  the  fourth  column  mav  need  a  slight  inter* 
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polation  of  the  last  figure,  to  make  it  correspond  closely  to  thft 
given  number  of  seconds. 

BMmple.—Find  the  log  sm  of  l**  39'  14'. 4. 

1"  39'  14'.4  =  5954'.4  log  3.774838 

add  {q  - 1)  4.685515 

Ans.  log  sin  8.460353 

Log  tangents  of  small  arcs  are  found  in  the  same  way,  only 
taking  the  last  four  figures  of  {q  —  0  from  the  fifth  column. 

Example.— Find  the  log  tan  of  0°  52'  35'. 

52'  35"  =  (3120"  +  35")  =  3155'  log  ^.498999 

add  ((/  -  0  4.685609 

Ans,    log  tan  8.184608 

To  find  the  logr  cotangent  of  an  angle  less  tban 
2"  given  to  seconds. — Take  from  the  column  headed  ( q-\- 1) 
the  logarithm  correspoadmg  to  tiie  given  angle,  interpolating 
for  the  last  figure  if  necessary,  and  from  this  subtract  the  loga- 
rithm of  the  number  of  seconds  m  the  given  angle. 

Bsample.— Find  the  log  cotan  of  V  44'  23".5. 

q  +  I  15.314292 
6240"  +  22".5  =  6262.5  log    3.796748 

Ans.     11.517544 

These  two  pages  may  be  used  in  the  same  way  when  the 
given  angle  lies  between  88^  and  92",  or  between  178^  and  180'; 
but  if  the  number  of  degrees  be  found  at  the  bottom  of  the  page, 
the  title  of  each  column  will  be  found  there  also;  and  if  the 
number  of  degrees  be  found  on  the  right  hand  side  of  the  page, 
the  number  of  minutes  must  be  found  in  the  right  hand  col 
umn,  and  since  here  the  minutes  increase  upward,  the  number 
of  seconds  on  the  same  line  in  the  first  column  must  be  dirnin 
Ished  by  the  odd  seconds  in  the  given  angle  to  obtain  the  num 
ber  whose  logarithm  Is  to  be  used  with  {q  ±  I)  taken  from  the 
tabla 

Bxamplc—Find  the  log  cos  of  88"  41'  12". 5 

(g  -  0  4.685537 
4740'  -  12".5  =  4727.5  log  3.674631 

Ans.  8.360168 
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JSrowipfo,— Find  the  log  tan  of  OO**  30'  60'. 

q  + 1  15.314418 
1800"  +  50'  =  1850*  log    3.267173 

Ans.     13.047241 

To  find  the  arc  corresponding'  to  a  given  log 
siuy  cos,  tan,  or  cotan  which  falls  within  the 
limits  of  the  first  two  pages  of  Table  XXT. 

Find  in  the  proper  column  two  consecutive  logarithms  be- 
tween which  the  given  logarithm  falls.  If  the  title  of  the 
given  function  is  found  at  the  top  of  that  column  read  the 
degrees  from  the  top  of  the  page;  if  at  the  bottom  read  from 
the  bottom. 

Find  the  value  otiq  —  l)  or  (§'  +  0»  *s  t^c  case  may  require, 
corresponding  to  the  given  log  (interpolating  for  the  last  figure 
if  necessary).  Then  ifq  =  given  log  and  I  =  log  of  number  of 
seconds,  »,  in  the  required  arc,  we  have  at  once  l=zq  —  (g  —  I) 
or  J  =  (g +0  —  9'.  whence  n  is  easily  found. 

Find  in  the  first  column  two  consecutive  quantities  between 
which  the  number  n  falls,  and  if  the  degrees  are  read  from 
the  left  hand  side  of  the  page,  adopt  the  less,  take  out  the 

I  minutes  from  the  second  column,  and  take  for  the  seconds 
the  difference  between  the  quantity  adopted  and  the  number 
n.    Bat  if  the  degrees  are  read  from  the  right-hand  side  of  the 

^  page,  adopt  the  greater  quantity,  take  out  the  minutes  on  the 
same  line  from  the  rigbt-hand  column,  and  for  the  seconds 
take  the  difference  between  the  number  adopted  and  the  num- 
ber n. 
Example,— 11, 1^208  is  the  log  cot  of  what  arc? 

q  -f  I  15.314876 

q  11.734268 

.-.     n  =  3802".  8  3.580108 

For  1*  adopt      3780.        giving  03' 

Difference  22".8 

Ans.  V  03'  22".  8  or  178''  56'  37".2. 

Example^ — 8.201705  is  the  log  cos  of  what  arc? 

q  -  I  4.685556 

q  8.201795 

.'.      n  =s  3282".8  3.516289 

For  89'  adopt    3300.        giving  05' 

Difference  17".2 

Ans.  89"  05'  IT'.S  or  90°  54'  42".8. 
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Tablb  XXVI. — Ocmtalns  logarithmic  yersed  sines  and  ex- 
ternal secants  for  every  minute  of  the  quadrant,  with  the 
differences  of  the  same  corresponding  to  a  change  of  1.  second 
in  the  arc  or  angle.  Interpolation  for  seconds  is  made  in  the 
^me  manner  as  vlth  log  sines  of  the  preceding  table,  except 
on  the  first  two  pages.  For  angles  less  than  4*"  the  differences 
vary  so  rapidly  that  interpolation  by  direct  proportion  will  not 
give  exact  values. 

On  the  first  two  pages  the  column  headed  9  —  22  contains 
the  difference  between  the  log  versed  sine  (or  log  ox  secant)  of 
an  arc  and  twice  the  logarithm  of  the  number  of  seconds  in  the 
same  arc.  The  characteristic,  and  first  three  decimals  (9.070) 
are  common  to  all  the  logarithm^  in  these  columns  up  to  S""  19' 
for  log  vers  sines,  where  it  changes  to  (9.069),  as  shown  at  the 
foot  of  the  column;  and  up  to  4**  for  log  ex  secants,  where  it 
changes  to  (9. 071).  At  the  point  of  change  a  cipher  is  replaced 
by  the  mark  4  to  call  attention. 

To  fiii4  the  losr  yers  ^in,  or  loff  ox  see  of  an 
angrle  grivon  to  sieconds*— Beduce  the  angle  to  seconds, 
take  the  logarithm  of  this  number,  multiply  it  by  9,  and  add 
the  product  to  the  logarithm  in  the  column  {q  —  80  found  op- 
posite the  given  angle.  The  log  {q  -**  SQ  should  be  corrected 
by  interpolation  for  the  fractional  part  of  a  minute  in  the  giveu 
angle. 

Mcample.^Wha.t  is  the  log  ex  secant  of  2^  14'  43'.7? 

2^  14'  43'.7  --=:  8040'  +  43.7  =  9083\7      log  8.907610 

2 


21  7.815220 

{q  -  21)         9.070064 

Ans.        .*.     q  6.885284 

To  find  the  arc  corresponding^  to  a  ^iven  lo& 
vers,  or  logr  ox  sec— Find  in  the  column  of  log  vers,  or 
log  ex  sec  the  two  values  between  which  the  given  log  falls, 
and  take  out  from  the  column  (q  —  21)  the  iogarithm  corres- 
I>ondlng  to  the  given  log  (interpolating  for  the  value  of  the  last 
figure  if  necessary).  Subtract  this  from  the  given  logarithm 
and  divide  by  2.  The  quotient  is  the  logarithm  of  the  num- 
ber of  seconds  in  the  required  arc. 


EXPLAKATIOK  OF  TABLES. 


2G5 


Sbwinple.-^'t.%^7^  is  the  log  vers  of  what  arc? 


i       3*  48'  + 


y 
&-W) 


7.344728 
9.069960 


13720'.  9 
13680. 

Ans.     8'  48'  40'.9 


2)8.274768 
I       4.137384 


To  find  the  log  ex  sec  of  an  arc  gri^eater  than 
88°  given  to  seconds. — Take  from  the  column  (y  +  0 
the  logarithm  corresponding  to  the  given  arc,  interpolating  for 
the  fraction  of  a  minute.  From  this  subtract  the  logarithm  of 
Uie  number  of  seconds  in  the  complement  of  the  given  arc. 

J5aw»pfo.— What  is  the  log  ex  sec  of  88**  24'  20".5? 
For  88°  24'  a  +  l  15.302183 


Correction  129  X 


20.5 
60 


44 


Comp.  88°  24'  20'.5  =  5739'.5 


q  + 1        15.302227 

log    3.758874 


Ans,    log  ex  sec  11.648853 

To  find  the  angle  corresponding  to  a  given 
tog  ex  sec  when  the  angle  is  greater  than  88%— 

Find  in  the  table  the  two  consecutive  log  ex  secants  between 
which  the  given  one  falls,  and  then  find  by  interpolation  the 
value  of  the  log  fe  +  O  corresponding  to  the  given  log  ex  sec 
and  subtract  the  latter  from  it.  The  difference  will  be  the 
logarithm  of  the  number  of  seconds  in  the  complement  of  the 
required  angle,  which  is  then  easily  found. 


iSra«npie.--11.924868  is  the  log  ex  sec  of  what  arcf 

11.924868 

11.918290  q  + 1        15.809225 

Diff.  '^      6078 

71 


Given  log  ex  sec 
Next  less 


p,         ^.            9852  -   9225   ^  -_^- 
Correction  =  ^^^  u ^^^^^-  X  6078  = 


29141  - 18290 


Given  log  ex  sec 

0°  40'  26\2  =  2426\2 
Am.  88'  19'  88\a 


q  +  l        15.309296 
11.924368 

.-.     log    3.384928 
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Table  XXVTL — Contains  natural  sines  and  cosines,  to  fi>  e 
places  of  decimals  for  every  minute  of  the  quadrant.  Correc- 
tions for  fractions  of  a  minute  are  made  directly  proportional 
to  the  difference  of  consecutive  values  in  the  table;  positive 
for  sines,  negative  for  cosines. 

Table  XXVIII. — Contains  natural  tangents  and  cotangents 
to  five  places  of  decimals  for  every  minute  of  the  quadrant. 
Corrections  for  fractions  of  a  minute  are  made  directly  propor- 
tional to  the  difterenco  of  consecutive  values  in  the  table ; 
positive  for  tangents,  negative  for  cotangents. 

Table  XXIX. — Contains  natural  versed  sines  and  external 
secants  to  five  places  of  decimals  for  every  minute  of  the 
quadrant.  Corrections  for  fractions  of  a  minute  are  made 
directly  proportional  to  the  difference  of  consecutive  values. 
They  are  positive  in  every  case. 

Table  XXX. — Contains  the  number  of  cubic  yards  con- 
tained in  prismoids  of  various  side  slopes,  bases,  and  depths, 
as  indicated  by  the  title  and  the  numbers  in  the  first  column. 
Each  prismoid  is  supposed  to  have  a  uniform  level  cross  sec- 
tion throughout.  These  tables  are  chiefly  useful  in  making  up 
preliminary  estimates  from  the  profile,  or  in  other  cases  where 
only  approximate  results  are  required.  For  monthly  and  final 
estimates  more  elaborate  tables  are  required,  such  as  are  des- 
cribed in  §  257. 

To  make  an  approximate  estimate  of  quanti- 
ties from  a  profile  by  use  of  Table  XXX. — Select  the 
proper  column  for  baseband  slopes,  and  if  the  outline  of  a  cat 
on  the  profile  is  roughly  a  four-sided  figure,  stretch  a  fine  silk 
thread  over  the  surface  line  to  average  it,  note  the  depth  from 
thread  to  grade  line  midway  of  the  cutting,  and  multiply  the 
tabular  number  opposite  this  depth  by  the  average  length  ot 
the  cutting  in  stations  of  100  feet.  (By  average  length  is  meant 
the  half  sum  of  the  length  of  the  grade  line  in  the  cutting  and 
of  so  much  of  the  surface  line  as  is  covered  by  the  thread.)  If 
the  area  of  a  cutting  as  seen  on  the  profile  is  approximately 
triangular,  stretch  an  averaging  line  over  each  incline,  and 
note  the  depth  from  the  intersection  of  these  lines  to  j^rade, 
'id  multiply  the  tabular  number  opposite  this  depth  by  one- 
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half  the  length  of  the  cut  measured  on  the  grade  line  in  sta- 
tions. The  resulting  quantities  will  be  slightly  in  excess  if  the 
ground  is  level  transversely,  but  may  be  too  small  if  the  trans- 
verse slope  is  steep,  and  cutting  on  the  centre  line  is  small. 
In  general  they  furnish  a  good  approximation.  Quantities  in 
embankments  may,  of  course,  be  found  similarly.  A  cut  or 
fill  may  be  divided  on  the  profile  into  several  portions,  and  the 
contents  of  each  portion  found  separately  if  preferred. 

The  content  of  a  prismoid,  level  transversely,  but  having 
different  end  depths,  maybe  found  correctly  by  this  table  thus; 
add  together  the  quantities  opposite  each  end-depth  and  4  times 
the  quantity  opposite  the  half  sum  of  the  depths;  multiply  the 
sum  by  the  length  in  feet,  and  divide  by  600. 

TABiiB  XXXI. — Contains  a  variety  of  useful  numbers  ami 
formulae.  The  logarithms  are  here  given  to  seven  places  of 
decimals. 


TABLES. 
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TABLE  I. -GEOMETRICAL  PROPOSITIONS. 


The  References  are  to  Daviea'  LegendrCy  Revised  Edition. 


No. 
1 


8 


6 


8 


9 


10 


11 


13 


13 


14 


15 


16 


Reference. 


IV.,  XI. 


I.,  XI.,  Cor.  1.. 


L,  XI. 


L,  XI.,  Cor.  2. 


L,XXV.,  Cor.  6.. 
IV.,  XX 

L.  xxvn... 

L,  XXyi.,  Cor.  1. 
L,  XXVIII 

L,  XXXI. 

IIL,  VII 

m.,  XVII 

v.,  Xin.,  Cor.  2.. 

v.,  xm 

IIL,  VI 

III., IX 

m.,  XIV.,  Cor. . . 
I.,  30. 
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Hypotheses. 


If  a  triangle  is  right 
angled. 


If  a  triangle  is 
equilateral. 

If  a  triangle  is 
isosceles. 

If  a  straight  line 

~   from  the  vertex 

of    an    isosceles 

triangle    bisects 

the  base, 

If  one  side  of  a  tri- 
angle is  pro- 
duced, 

If  two  triangles  are 
mutually  equian- 
gular, 

If  the  sides  of  a 

Solygon  are  pro- 
uced      in     the 
same  order. 

If  a  figure  is  a 
quadrilateral. 

If  a  figure  is  a 
parallelogram, 


If  three  points  are 
not  in  the  same 
straight  line, 

If  two  arcs  are  in- 
tercepted on  the 
same  circle, 

If  two  arcs  are 
similar, 

If  two  areas  are 
circles, 

If  a  radius  is  per- 
pendicular to  a 
chord, 

If  a  straight  line  is 
tangent  to  a 
circle, 


If  from  a  point 
without  a  circle 
tangents  are 
drawn  to  touch 
the  circle. 


CONSEQUENCBS. 


The  square  on  the  hyiK)tbe- 
nuse  is  equal  to  the  sum  of 
the  sciuares  on  the  other 
two  sides.  | 

It  is  equiangular. 

The  angles  at  the  ba,se  aro 
equal. 

It  bisects  the  vertical  angle. 
And  is  perpendicular  to  the 
base. 


The  exterior  angle  is  equal  to 
the  sum  of  the  two  interior 
and  opposite  angles. 

They  are  similar.  And  their 
corresponding  sides  are 
proportional. 

The  sum  of  the  exterior 
angles  equals  four  right 
angles. 

The  sum  of  the  interior  angles 
equals  four  right  angles. 

The  opposite  sides  are  equal. 
The  opposite  angles  are 
e^ual.  It  is  bisected  by  its 
diagonal.  And  its  diagonals 
bisect  each  other. 


A    circle     may 
through  them. 


be    passed 


They  are  proportional  to  the 
correspondmg  angles  at  the 
centre. 

They  are  proportional  to  their 
radii. 

They  are  proportional  to  the 
squares  on  their  radii. 

It  bisects  the  chord.  And  it 
bisects  the  arc  subtended 
by  the  chord. 

It  meets  it  in  only  one  point. 
And  it  is  perpendicular  to 
the  radius  drawn  to  that 
point. 

There  are  but  two.  They  are 
equal.  And  they  make 
e(^ual  angles  with  the  chord 
joming  the  tangent  points. 


TABLE  I. -GEOMETRICAL  PROPOSITIONS. 


The  References  are  to  Davies*  Legendre,  Revised  Edition. 


No. 


17 


Refebence. 


in.,  X. 


18 


HL,  xvm. 


19 


30 


21 


irL,XVni.,Cor.3 


m.,  XXI. 


22 


IV.,XXVm.,Cor. 


IV.,XXin.,Cor.2 


23 


Zi 


IV.,  XXIX.,  Cor.. 


IV.,  XXX. 


25 


IV.,  XIV. 


Hypotheses. 


26 


IV.,  xn. 


If  two  lines  are 
parallel  chords 
or  a  tangent  and 
parallel  chord, 

If  an  angle  at  the 
circumference  of 
a  circle  is  sub- 
tended by  the 
same  ah;  as  an 
angle  at  the  cen- 
tre, 

If  an  an^le  is  in- 
scribed ma  semi- 
circle, 

If  an  angle  is 
formed  by  a  tan- 
gent and  choixl, 

If  two  chords  in- 
tersect each  oth- 
er in  a  circle, 


And  if  one  chord  is 
a  diameter,  and 
the  other  per- 
pendicular to  it, 


If  two  secants 
meet  without  the 
circle. 

If  a  secant  and 
tangent  meet. 


If  a  straight  line 
from  the  vertex 
of  a  triangle  bi- 
sects its  base. 


If  a  perpendicular 
be  drawn  from 
the  Vertex  of  a 
triangle  to  the 
base. 


Consequences. 


They  intercept  equal  arcs  of 
a  circle. 


The  an^le  at  the  circumfer- 
ence IS  equal  to  half  the 
angle  at  the  centre. 


It  is  a  right  angle. 


It  is  measured  bv  one  half  of 
the  Intercepted  arc. 


The  rectangle  of  the  seg- 
ments of  the  one,  equals  the 
rectangle  of  the  segments 
of  the  other. 

The  rectangle  of  the  seg- 
ments of  the  diameter  is 
equal  to  the  square  on  half 
the  other  chord.  And  the 
half  chord  is  a  mean  pro- 
portional between  the  seg- 
ments of  the  diameter. 

The  rectangles  of  each  secant 
and  its  external  segment 
are  equal. 

The  rectangle  of  the  secant 
and  its  external  segment  is 
equal  to  the  square  on  the 
tangent.  And  the  tangent 
is  a  mean  proportional  be- 
tween the  secant  and  its 
external  segment. 

The  sum  of  the  squares  on 
the  two  sides  is  equal  to 
twice  the  square  of  half  the 
base  increased  by  twice  the 
square  of  the  bisecting  line. 

The  square  of  a  side  opposite 
an  acute  angle  is  equal  to 
the  sum  of  the  squares  of 
the  other  side  and  the  base, 
diminished  by  twice  the 
rectangle  of  the  base  and 
the  distance  from  the  ver- 
tex of  the  acute  angle  tr 
the  foot  of  the  perpendi*- 
lar. 
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TABLE  n.-TRiaONOMETRIC  FOnAilLM. 


Trioonombtbio  Functions. 

Let  A  (Fig.  107)  s  angle  BAG  =  arc  BF,  and  let  the  radius  AF^ 
AH=\. 


AB 


We  then  have 

ain^ 

^BG 

cos  4 

^AG 

tBOkA 

^DF 

cot  A 

=  HG 

aecA 

=  AD 

cosec  A  * 

^AO 

versin  A 

=  CF=  BE 

covers  A 

=  BK=UL 

exsec  A 

=  BD 

coexsec^ 

=  BG 

chords 

=  BF 

chord  2  A 

==BI=2BC 

In  the  right-angled  triangle  ABC  (Fig.  107) 
Let  AB  =  c,AC  =  h,  and  BC  =  o. 
We  then  have : 


1.  sin  ii 

2.  COB  A 
8.  tanA 
4.  cot  A 
3>  flee  A 

ft  cosec  A 

7.  vers  A 

8.  exsec  ^ 

9.  covers^ 
10.  coexfleo  A 


c 

6^ 
c 

_6 
a 
c 

6" 
c 
a 

c 

c  —  o 
c 

c  —  a 


cosB 
BinB 
coti? 
tanB 
cosec  P 
secB 
covers  B 
coexsec  ^ 
versin  1? 
exsec  B 


Fio.  107. 


11.     a  =  c  sin  ^  =  6  tan  A 


12.      5  =  c  cos^  =  a  cot  ^ 

18.     c 

14.     a  =  c  cosf  =  b  cot  B 


a 
sin  ^ 


5  _ 
cos^ 


15.  &  =  c  sin  B  =  a  tan  B 

16.  c 

17.  a 


a       _      & 
cos^  ""  sin  B 


21.  area  = 


a& 


=  ^  (c  +  b)  (c'^rt) 


18.  6  =  i^ic-\-a){C''a) 

19.  c  =  Vc^-fp 


30.      C  =  90»  =  ^-f^ 
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TABLE  II. — TKIGONOMETRIC   FORMULAS. 


Solution  of  Oblkjub  Tbianqlbs. 


Fig.  108. 


22 


23 


25 
26 

27 

28 
29 

i   30 
31 


32 
Si 


GIVEN. 


u±,B,a 


^,  a,  & 


C,  a,  6 


a,  &,  c 


SOUGHT. 


JL,B,€,a 


C,  6,c 


JB,  C,  c 


A,  B 


area 
A 


area 


area 


rORMUKB. 


C=180«>-U  +  B),         6  = 


a 


sin  jd 


.  sinf, 


a 


sin  ui 


sin  (^  +  B) 


.    _     Bin  ^    , 

sin  B= .  b, 

a 


c  = 


a 


C=180«»-(^+jB), 


.  sin  C. 


sin  jd 

ta,n}i(A~B)  =  ^]^  tan  ^  U  +  J5) 

^  =  ^M  +  B)  +  HM-5). 
B  =  -i^{A-^B)--i^(A-B) 

^  =  («  +  ^>  cos  ^JA-^B)  -  ^"  ~  ^^  sin  ^a-=:^ 
K  =  ^ab sin  C 

Let«  =  ^(a  +  &  +  c);sin^^  =  i/^*^^^ 


•^6)  (s-c) 
6c 


cos^A 


v^ 


'«(/?- a). 


6c 


;tanj^^ 


As-b)(s 

-y  "sis-. 


siu^  = 


ay's  (a  -  a)'(8-b)"(a-  c) 
6c  ' 


vers  ^  = 


2  (g  -  6)  (8  -  c) 
6c 


IT  =  ^  tf  («  —  a)  (s  —  6)  (s  —  c) 
a^  sin  fi .  sin  C 


K 


2  sin  A 
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TABLE  II. — TRIGONOMETRIC  FORMULiB. 


GENERAL  FORMULA. 


1 


ai     sin  ^    =    —  — 2    =    V  1  —  cos*  A    =    tan  A  cos  A 
cosec-4 

35  sin  A    =    2  sin  ]>^  A  cos  }^  A    =    vers  A  cot  J^  A 

36  sin^    =     VJiy&rsWA    =      i/j^^Cf— cos'g^) 

1 


37  cos  A   =    7    =    V  1  —  sin*  -4.    =    cot  A  sin  -4 

sec  -4 

38  cos^    =    1-vers^    =    2cosaj^^  — 1    =    l  —  2&m^%A 

39  cos^    =    cos*  J^  ^  —  sin*  ^  ^    =    V  j5  +  \i  cos2  w4 

.«      ^        ^  1  sin  A  , »—-: T 

40  tan^    =    — 1— 7    =    • .     =    Vsec*^— 1 

cot  -4  cos  A 


y  cos2  ^ 


,  _  —  cos*  A  sin  2  JL 

41      tan  ^ 


cos  ^  1  +  cos  2  ^ 


1  —  cos 2  ^  vera 2 ^1  a      1. 1^  a 

42     tan  ^    =     —  .    „    .  -    =    -v— -.--:-    =    exsec  -4  cot  J^  -4 

sin  2  ^  sin  2  ^  '^^ 


cos  X 


43  cot  A      —      1 ■—:      =      -; J      =       4/  COSCC*  -4  —  1 

tan  -4  sm  A 

sin  2^  sin2JL  l  +  cos2^ 

44  cot   A      ■=■        -  .     ;       =      • ,■■     .  ■      =      : ^r— i — 

1  —  coo  'i  A  vers  2  ^  sm  2  ^ 

,    ,  tan  \A  A 

45  cot  ^    =    -       ^"    . 

exsec  A 

46  vers  u4    =    1  —  cos  -4    =    sin  .4  tan  %A    —    2  sin«  J^^  A 

47  vers  -4    =    exsec  A  cos  ^ 

vers^ 


48      exsec  A    =    sec  A  —  1    =    tan  -4  tan  ^A    = 


cos  ^ 


.     w  ^  /l  —  COS ^  /vera  4 

49  sini^^    =    |/ 2 =    A/ — ^ 

50  sin  2  ^    =    2  sin  ^  cos  A 


* ,   A               /I  +  cos  A 
\51      coa^^A    =     4/— ^2 

cos  2  ^    =    2  cos*  ^  —  1    =    cos*  A  -^  sin«  A    Mi    1—2  sin-'  ^ 
^74] 


TABLE   II. — TRIGONOMETRIC   FORMULA. 


General  Formula. 


eo  X      -i,  A  ^^  ^  A         4.  ^       1  —  cos  A   _  4  / 1  —  cos  A 

53.  tan  ^A=  t—. ^  =  cosec  A  —  cot  A  = .   --: —  =  4/  t— ; 

1  +  sec  A  sin  -4  r    1  +  cos  A 

2t«n  A 


54.  tan  2  A  = 


55.  cot.  J4A  = 


56.  cot  2  ^  = 


57.  vers^^  = 


1  —  tana  ^ 
sin  ^        1  +  cos  A  t 


vers  .4  sin  A  cosec  ^  —  cot  A 

cot«  ^  —  1 
2  cot  ^ 

^  vers  A  1  —  cos  .4 


1  +  Vi  _>^  vera  ^      2  +  •  V2  (1  -f-  cos  ^) 

58.  Tere  2  il  «■  8  eln*  .^  ••  8  sin  .4  cos  ^  too  il 

1  —  cos  A 


59.  exsec  }^A=s 


(1 +O08-4)  +  Va  (1  +  cos  ^) 


60.  exsec  2  ^  =  JiEi!^ 

1  -  tan«  ^ 


61.  sin  (.4  ±  B)^sinA.  cos  ^  ±  sin  ^ .  cos  A 

62.  cos  (A  ±  B)  =  cos  4 .  cos  i?  T  sin  ^ .  sin  5 

63.  sin  ^  H-  sin  B  =  2  sin  1^  (^  +  B)  cos  H  (4  —  5) 

W.  sin  4  —  sin  JB  =  2  cos  J^  (^  +  B)  sin  J^  (^  —  5) 

65.  cos  A  +  cos  ^  =  2  cos  }4{A-\-  B)  cos  J^  (4  —  ^  • 

I  66.  cosB  — cos4  =  2sin^(^  +  B)sini^(4  — B) 

I 

!  67.  8in«  A  -  sin«  B  =  cos»  B  —  cos«  ^  =  sin  (A  -f  B)sln  (A^B) 

68.coa^A  —  Bln^B  =  co9iA-\-B)co3iA--B) 

69.  tan  ^  +  tan  B  = >— - — ^ 

cos  4  .  cos  B 

TO.  tan^-tenB=  «taU-^^ 

cos  A  .  cos  B 


TABLE  III.-  CURVE  FORMULAE. 


GIVEN. 

SOUGHT. 

FORMUUB. 

X 

D 

JR 

R-        ^ 

2 

B 

D 

8inJ^Z)=-^ 

3 

L,  D 

L 

L  =  100    ^ 

4 

A  L 

A 

^          100 

5 

L,L 

D 

D=100    ^ 

6 

R,    A 

T 

r  =  i?  tAn  ^  A 

7 

(» 

C 

C  =  2 1?  sin  >i^  A 

8 

(i 

M 

3f  =  1?  vers  \^  a 

9 

t( 

E 

E—  B exsec ^  a 

10 

r,  A 

B 

2?=  Tcoti^  A 

11 

(( 

E 

£  =  T  tan  J4  A 

12 

t( 

C 

C  =  2  r  cos  ^  A 

13 

(( 

M 

if  =  T  cot  ^  A  .  vers  %  a 

14 

E,    A 

R 

exsec  \ii  A 

15 

(( 

T 

ar=  EQot\i  A 

16 

(( 

C 

« 

exsec  Ji^  a 

17» 

ti 

M 

3f  =  .fir  cos  ^  A 

18 

C,    A 

B 

~    2  sin  ^  A 

19 

t» 

M 

M=\iCtanl4  A 

90 

(( 

T 

2  cos  14  A 

21 

i( 

E 

Sin  yi  A 

22 

3f  ,    A 

B 

vers  }4  A 

23 

ii 

C 

C  =  2  2lf  cot  ^  A 

24 

(( 

T 

vers^  A 

.25 

(t 

E 

cos  V^  A 

1 

. 
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TABLE  II1.-CURVE  FORMULA. 


GIVEN. 

SOUGHT. 

FORUULA. 

26 

R,  T 

A 

T 

tan  ^  ^  =    ^ 

f     27 

(i 

t( 

fin    If      1*1     — 

bin  ^  A   —                          - 

28 
29 

R,  C 

A 

cos^.-    ^|/(7?  +  ^)(ie- 

2/ 

30 

R,  M 

A 

V^S  ^  A    =  -^- 

31 

i( 

it 

cos  J^  A  =  -     ^ 

32 

if,  E 

A 

exsec  J^  A  =  -^- 

33 

(i 

n 

C08^A=    ^_^^ 

34 
35 

r,  c 

A 
it 

cos  1^  A    =   g  y 

tan^A  =  i/2^'-C 

r2r+c 

36 

T,  E 

A 

tanJ4  A  =    y- 

37 

i( 

(( 

COS^A=-y-,_^^- 

33 

C,  Jlf 

A 

tan  ^  A  =  — ^— 

39 

(( 

i( 

Ci»-43/a 
cos^A=  ^,^4  3^, 

40 

Af  ,  E 

A 

3f 

cos  ^  A    =  ^- 

41 

n 

(( 

tan^i  £.  -  a/  E  -  M 

r     E+M 

42 

R,  T 

C 

C           ^^^ 

43 

(( 

M 

M=R              ^^- 

VT'^  +  R^ 

44 

it 

E 

E=   VT^-fl^  ^  R 

rp GR 

45 

/?,  C 

T 

y(«+r)(-i) 

46 

it 

M 

M^R  -   ^i,R^y^C)iR-y^  C 

) 

47 

i» 

E 

R^ 
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TABLE  ni. -CURVE  FORMULiE. 


48 

49 
50 

51 

53 

53 

54 

55 
56 
57 
58 
59 
63 
61 
C2 
63 
64 
65 

66 

67 
68 

69 

70 

71 


GIVEN. 

SOUGHT. 

FORMUUB. 

R,   M 

T 

R-  M 

it 

C 

C  =    2  \'M  (iiR  -M) 

(( 

E 

IP-     ^^^ 

i?,  E 

T 

r=  v:':{2R-i-E) 

(t 

C 

^  -    .         R  +  E     '~~ 

«( 

M 

M-      ^^ 

^-R  +  E 

CT 

T,  C 

R 
M 

^  ~  v'(2r+C)  (2r-c? 

• 

«i 

^=^^/2W 

(i 

E 

^-^y  2T+C 

T,  E 

R 

^-              2E 

(1 

C 

2T  (T^  -  E^) 
T^'-{E^ 

(( 

M 

E  (rs  -  E^) 
T^-f-E^ 

CM 

R 

^  -           2M 

(( 

T 

CfC2-h4M2) 
2  (6*2  -  4M9) 

(( 

E 

M,  E 

R 
T 

^--E-M 

(( 

-  -  -  )/f^ 

ii 

C 

<^=^-/m 

r,  M 

R 

(( 

E 

^8  +  j5;a3f-£r!»4- j/ra  =  0 

(( 

C 

C8  +  2  rC2+4  3f2  C-  8J/«  5P=  0 

C,  E 

R 

{( 

T 

8  2-3  _  j-j  c— 2  r£» — cj;»  =  0 

It 

M 

M^  +  M^Ei-M  -\ ^^-r^  =  0 

4                4 
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TABLE  IV.-RADn,  LOGARITHMS,  OFFSETS,  ETC. 


Deg. 

Radiii». 

Loga- 
rithm. 

Tan. 
Oflf. 

Mid. 
Ord. 

D. 

B. 

log.  R. 

t. 

m. 

O'  0' 

Infinite 

Infinite 

.000 

.000 

1 

343775. 

5  536274 

.015 

.004 

2 

171887. 

5  235244 

.029 

.007 

3 

114592. 

5.059153 

.044 

.011 

4 

85943.7 

4.934214 

.058 

.015 

5 

68754.9 

.837304 

errs 

.01^ 

6 

57295.8 

.758123 

.087 

.022 

7 

49110.7 

.691176 

102 

.025 

8 

42971.8 

.633184 

.116 

.029 

9 

38197.2 

.582031 

.131 

.033 

10 

34377.5 

4.536274 

.145 

.036 

11 

31252.3 

4.494881 

.160 

.040 

12 

28647.8 

.457093 

.175 

.044 

13 

26444.2 

.422331 

.189 

.047 

14 

24555.4 

.390146 

.204 

.051 

15 

^918.3 

.360183 

.218 

.055 

16 

21485.9 

.332154 

.3.33 

.658 

17 

20322.1 

.305825 

.247 

.062 

18 

19098.6 

.281002 

.262 

.065 

19 

18093.4 

.257521 

.276 

.069 

20 

17188.8 

4.235244 

.291 

.073 

21 

16370.2 

4.214055 

.305 

.076 

22 

15626.1 

.193852 

.320 

.080 

23 

14946.7 

.174547 

.335 

.084 

21 

14323.6 

.156064 

.349 

.087 

25 

13751.0 

.1383:35 

.3&4 

.091 

26 

13222.1 

.121302 

.378 

.095 

27 

12732.4 

.104911 

.393 

098 

28 

12277.7 

.089117 

.407 

.102 

29 

11854.3 

.073877 

.422 

.105 

30 

11459.2 

4.059154 

.436 

.109 

31 

11089.6 

4.044914 

.451 

.113 

32 

10743.0 

.031125 

.405 

.116 

33 

10417.5 

.017762 

.480 

.120 

U 

10111.1 

4.004797 

.495 

.124 

35 

9822.18 

3.992208 

.509 

.127 

36 

9549.34 

.979973 

.524 

.131 

37 

9291.29 

.968074 

.538 

.135 

38 

9046.75 

.956493 

.553 

.138 

39 

8814.78 

.945212 

.567 

.142 

40 

8594.42 

3.934216 

.582 

.145 

41 

8384.80 

3.923193 

.598 

.149 

42 

8185.16 

.913027 

.611 

.153 

43 

7994.81 

.902808 

.625 

.156 

44 

7813.11 

.892824 

.640 

.160 

45 

7639.49 

.883065 

.654 

.164 

46 

7473.42 

.873519 

.669 

.167 

47 

7314.41 

.864179 

.684 

.171 

48 

7162.03 

.855036 

.698 

.174 

49 

7015.87 

.846082 

.713 

.178 

50 

6875.55 

3.837308 

.727 

.182 

51 

6740.74 

3.828703 

.742 

.185 

52 

6611.12 

.820275 

.756 

.189 

53 

6486.38 

.812002 

.771 

.193 

54 

6366.26 

.803885 

.785 

.196 

55 

6250.51 

.795916 

.800 

.200 

56 

6138.90 

.788091 

.814 

.201 

57 

6031.20 

.780404 

.829 

.207 

58 

6927.22 

.772851 

.841 

.211 

59 

5826.76 

.765427 

.858 

.215 

60 

5729.«5 

3.758128 

.873 

.218 

Deg. 

Radius. 

Loga- 
rithm. 

Tang. 
Off. 

D. 

B. 

log.  B. 

t. 

L"    0' 

5729.65 

3.758128 

.878 

1 

5635.72 

.750950 

.887 

2 

6544.83 

.743888 

.902 

3 

5456.82 

.736939 

.916 

4 

5371.56 

.730100 

.931 

5 

5288.92 

.723367 

.945 

6 

5^.79 

.716737 

.960 

7 

5131.05 

.710206 

.974 

.  8 

5055.59 

.703772 

.989 

9 

4982.33 

.697432 

1.004 

10 

4911.15 

3.691183 

1.018 

11 

4841.98 

3.685023 

1.033 

12 

4774.74 

.678949 

1.047 

13 

4709.33 

.672959 

1.062 

14 

4615.69 

.667051 

1.076 

15 

4583.75 

.66122% 
.65516^ 

1.091 

16 

4523.44 

1.105 

.17 

4464.70 

.649792 

1.120 

18 

4407.46 

.644189 

1.134 

19 

4351.67 

.638656 

1.149 

20 

4297.28 

3.633194 

1.164 

21 

4244.23 

3.627799 

1.178 

22 

4192.47 

.622470 

1.193 

23 

4141.96 

.617206 

1.207 

24 

4092.66 

.612005 

1.222 

25 

4044.51 

.606866 

1.236 

26 

3997.49 

.601787 

1.251 

27 

3951.54 

.596766 

1.265 

28 

3906.54 

.5918r« 

1.280 

29 

3862.74 

.5868d6 

1.294 

30 

3819.83 

3.582044 

1.309 

31 

8777.85 

3.577215 

1.324 

32 

3736.79 

.572499 

1.338 

33- 

3696.61 

.567801 

1.353 

34r 

'3057.29. 

.563160> 

1.367 

-85 

3618.30 

.558564 

1.382 

3^ 

3581.10 

.554017 

1.396 

37 

3544.19 

.549517 

1.411 

88 

8508.02 

.515063 

1.425 

89 

3472.59 

.540654 

1.440 

40 

8437.87 

3.536289 

1.454 

41 

8403.83 

8.531968 

1.469 

42 

3370.46 

.527690 

1.4a3 

•   43 

dS37J4 

.523153 

1.498 

44 

3305.65 

.519257 

1.513 

45 

3274.17 

.615101 

1.527 

46 

3213.29 

.510985 

1.542 

47 

3212.98 

.506908 

1.556 

48 

3183.23 

.502868 

1.571 

49 

3154.03 

■  .498866 

1.585 

50 

3125.36 

3.494900 

1.600 

61 

3097.20 

3.490970 

1.614 

52 

3069.55 

.487075 

1.629 

53 

3012.39 

.483215 

1.643 

54 

3015.71 

.479389 

1.658 

55 

2989.48 

.475596 

1.673 

56 

2963.71 

.471836 

1.687 

57 

2938.39 

.468109 

1.702 

.58 

2913.49 

.464413 

1.716 

59 

2889.01 

.460749 

1.731 

60 

2S64.93 

3.457115 

1.746 
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TABLE  IV.— RADII,  LOGARITHMS,  OFFSETS,  ETC. 


Deg. 

Radius. 

Loga 
rithm. 

Tang. 
Off. 

Mid. 
Ord. 

! 

Deg. 

Radius. 

Loga- 
rithm. 

Tang. 
Off. 

Mid. 
Ord. 

I>. 

B. 

log.  B. 

t. 

m. 

I>. 

B. 

log.  B. 

t. 

III. 

.654 

2*  0' 

2864  93 

3  467115 

1.745 

.436 

s*"  0' 

1910.08 

3.281051 

2.618 

1 

2841.26 

.453511 

1.760 

.440 

1 

1809.63 

.278646 

2.632 

658 

2 

2817.97 

.449937 

1  774 

.444 

2 

1889.09 

.27P253 

2.647 

662 

3 

2795.06 

.446392 

1.789 

.447 

3 

1878.77 

.278874 

2.661 

666 

4 

2^72.53 

.442876 

1.803 

.451 

4 

1868.56 

.271508 

2.676 

.669 

5 

2750.  a5 

.4393^8 

1.818 

.454 

5 

1858.47 

.269155 

2.690 

.673 

6 

2728.52 

.4:^5928 

1.832 

.458 

6 

1848.48 

.266814 

2.705 

.676 

7 

2707.04 

.4:32495 

1.847 

462 

7 

18138.59 

.264486 

2.719 

.680 

8 

2685.89 

.429089 

1.862 

.465 

8 

1828.82 

.262170 

2.734 

.684 

9 

2665.08 

.425710 

1.876 

.469 

9 

1819.14 

.259867 

2.749 

.687 

10 

2644.58 

3  422356 

1,891 

.473 

10 

1809.57 

3.257576 

2.763 

.G91 

11 

2624.39 

3.419029 

1.905 

.476 

11 

1800.10 

3.255296 

2.778 

.6»4 

12 

2604.51 

.  415^27 

1.920 

.480 

12 

1790.73 

.253029 

2.792 

.696 

13 

2584.93 

.412449 

1.934 

.484 

13 

1781.45 

.250774 

2.807 

,702 

14 

2565.65 

.409197 

1.949 

.487 

14 

1772.27 

.248630 

2  821 

.705 

15 

2546.64 
2527.93 

.405968 

1.963 

.491 

15 

1763.18 

.246297 

2.886 

.709 

16 

.402763 

1.978 

.494 

16 

1754.19 

.244077 

2.850 

,713 

17 

2509.47 

.399582 

1.992 

.498 

17 

1745.28 

.241867 

2.865 

.716 

18 

2491.29 

.396424 

2.007 

.502 

18 

1736.48 

.239669 

2.879 

7^20 

19 

JM73.37 

.393289 

2.022 

.505 

19 

1727  75 

.237481 

2. mi 

.7iJ3 

20 

2455.70 

3  890176 

2.086 

.509 

20 

1719.12 

8.235305 

2.908 

.727 

21 

2438.29 

3.387085 

2.051 

.513 

21 

1710.56 

3.233140 

2.923 

.731 

22 

2421.12 

.3841)16 

2.065 

.516 

22 

1702.10 

.280985 

2.938 

.734 

2ii 

2404.19 

.380969 

2,080 

.520 

23 

1693.72 

.228841 

2.952 

.ra8 

fH 

2387.50 

.377943 

2.094 

.524 

24 

16&5.42 

.226707 

2.967 

.742 

26 

2371.04 

.874938 

2.109 

.527 

25 

1677.20 

.224584 

2.981 

.745 

26 

2354.80 

.871954 

2.123 

.531 

26 

1669.06 

,222472 

2.996 

.749 

27 

2838.78 

.868990 

2.138 

.534 

27 

1661.00 

.220869 

3.010 

.7.53 

28 

2322.98 

.866046 

2.152 

.538- 

28 

1653.01 

.^18277 

3.0^ 

.756 

29 

2307.39 

.863122 

2.167 

.542 

29 

lt>45.11 

.216195 

3.089 

.760 

30 

2292.01 

3.360217 

2.181 

.&46 

30 

1637.28 

8.214122 

8.054 

.763 

31 

2276.84 

8.357332 

2.196 

.&49 

31 

1629.52 

3.212060 

3.068 

.767 

32 

2261.86 

.a54466 

2.211 

.553 

82 

1621.84 

.210007 

3.083 

.771 

33 

2247.08 

.351618 

2.225 

.556 

8J3 

1614.22 

.207964 

8.097 

.774 

34 

2232.49 

.348789 

2.240 

.560 

34 

1600.68 

.206930 

3.112 

.infs. 

a5 

2218.09 

.{M5979 

2.254 

..5(>4 

35 

1599.21 

.203906 

8.127 

.7HJ 

36 

2203.87 

.343187 

2.269 

.567 

86 

1591.81 

.201892 

3.141 

.785 

37 

2189.84 

.340412 

2. 28;  J 

.571 

37 

1584.48 

..199886 

3.156 

.789 

38 

2175.98 

.a37655 

2.298 

.574 

38 

1577.21 

.197«90 

8.170 

.793 

39 

2162.30 

.a34916 

2.312 

.578 

.   89 

1570.01 

.195903 

8.185 

.?!36 

40 

2148.79 

8.332193 

2.327 

.582 

40 

1.562.88 

8.198925 

8.199 

.800 

41 

2135.44 

8.829488 

2.341 

.585 

41 

1555.81 

3.191966 

8.214 

803 

42 

2122.26 

.3267{)9 

2.a')6 

.589 

42 

1548.80 

.189996 

8.228 

.807 

43 

2109.24 

.324127 

2  371 

.593 

4:3 

1541.86 

.188045 

3.243 

.811 

44 

5^096.39 

.821471 

2.385 

.596 

44 

1534.98 

.186103 

3.1^57 

.814 

45 

2083.68 

.818a32 

2.400 

.600 

45 

1528.16 

.184169 

3.272 

818 

46 

2071.13 

.316208 

2.414 

.604 

46 

1521.40 

.182244 

8.286 

822 

47 

2058.73 

.313600 

2.429 

.607 

47 

1514.70 

.180327 

8.801 

825 

48 

2046.48 

.311008 

2.443 

611 

48 

11308.06 

.178419 

3.816 

'829 

49 

2034.37 

.308431 

2.458 

.614 

49 

1501.48 

.176519 

3.830 

832 

50 

2022.41 

8.305869 

2.4?2 

.618 

50 

1494.95 

3.174627 

8  345 

836 

61 

2010.59 

3.808323 

2.487 

.622 

51 

1488.48 

3.172744 

3.a59 

.^0 

52 

1998.90 

.800791 

2.501 

625 

52 

1482.07 

.170868 

8.374 

.843 

5;^ 

1987.35 

.2f*8274 

2.516 

.629 

53 

1475.71 

.169001 

3.888 

.847 

r>4 

1975.93 

.295771 

2.5:30 

.633 

54 

14()9.41 

.167142 

8.403 

851 

55 

19(U.64 

.293283 

!  2.545 

.6.% 

55 

1463.16 

.165291 

8.417 

.854 

5<i 

1953.48 

.290809 

1  2..5<)0 

.040 

56     14.56.96 

163447 

3.432 

.858 

57 

1942.44 

.288.^9 

2.574 

.644 

57     1450.81 

.161612 

8.446 

.862 

58 

1931.53 

.2a")902 

2  .5^^9 

M7 

58 

1144.72 

.159784 

3.461 

.S(» 

•S9 

1920.75 

.28;i470 

2.60:3 

.651 

59 

1438.68 

.157963 

3.475 

.869 

1910.08 

3.281051 

2.618 

!   .654 

60 

1432.69 

8.156151 

3.490 

.872 

[280] 


TABLE  IV.- 

-RADII,  LOGARITHMS,  OFFSETS,  ETC. 

Deg. 

RaduiR.     , 

Loga- 
rithm, 

Tang. 
Off. 

Mid. 
Ord. 

Deg. 

Radius. 

Loga- 
rithm. 

Tang. 
Off. 

Mid. 
Ord. 

D. 

B.         log.  B. 

1 

t. 

lU. 

D. 

B. 

log.R. 
3.059290 

t. 

m. 

1 

4**   O' 

1432.69  !3 

.156151 

3.490 

.8?^ 

6°   0' 

1146.28 

4.362 

1  091 

1 

1426.74 

.154346 

3.505 

.876 

1 

1142.47 

.057W6 

4.376 

1.094 

2 

1420.85 

152548 

3.519 

.880 

2 

1138.69 

.056407 

4  391 

1.098 

3 

1415.01      . 

150758 

3.534 

.883 

3 

1134.94 

.054972 

4.405 

1.102 

4 

1409.21 

148975 

3.548 

.887 

4 

1131.21 

.053542 

4.420 

i.ia5 

6 

1403.46 

.147200 

3.563 

.891 

5 

iir:7.50 

.052116 

4.435 

1.109 

6 

1397.76 

.145431 

3.577 

.894 

6 

1123.82 

.050696 

4.449 

l.lli 

7 

1392.10     . 

143070 

3.592 

.898 

7 

1120.16 

.049280 

4.464 

1.110 

8 

1386.49 

141916 

8.606 

.902 

8 

1116.53 

.04T«68 

4.478 

1.120 

9 

1380.92 

140170 

3.621 

.905 

9 

1112.91 

.046462 

4.493 

1.12y 

10 

1375,40  3 

.138430 

3.635 

.909 

10 

1109.33 

8.045059 

4.507 

1.12? 

11 

1369.92  3 

.186697 

3.650 

.912 

11 

1105.76 

3.043662 

4.622 

1.181 

12 

1364.49      . 

134971 

8  664 

.916 

12 

1102.22 

.042268 

4.536 

1.134 

13 

1359.10 

138251 

3.679 

.920 

13 

1098.70 

.040880 

4.551 

1.138 

14 

1363.75 

131639 

3.693 

.923 

14 

1095.20 

.089495 

4.565 

1.142 

15 

1348.45      . 

.129833 

3.708 

.927 

15 

1091.73 

.038115 

4.580 

1.146 

16 

1343.15 

.128134 

8.?23 

.931 

16 

1088.28 

.036740 

4.594 

1.149 

17 

1337.65 

.126442 

3.736 

.934 

17 

1084.85 

.0353(58 

4.009 

1.153 

18 

1332.77 

124756 

3.752 

.938 

18 

1081.44 

.034002 

4.623 

1.157 

19 

1327.63      . 

128077 

3.766 

.942 

19 

1078.05 

.032639 

4.638 

1.160 

20 

1322.53  3 

.121404 

ST^l 

.945 

20 

1074.68 

3.031281 

4.653 

1.164 

21 

1317.46  3 

119738 

3.795 

.949 

21 

1071.34 

3.029927 

4.667 

1.168 

22 

1312.43     , 

118078 

3.810 

.952 

22 

1068.01 

.028577 

4.682 

1.171 

23 

1307.45      . 

116424 

3.824 

956 

23 

1064.71 

.127^231 

4.696 

1.1 7-5 

24 

1302.50      . 

114777 

3.&39 

.960 

!W 

1061.43 

.025890 

4.711 

1.179 

25 

1297.58     . 

113136 

S.STiS 

.963 

25 

1058.16 

.024552 

4.725 

1.182 

26 

1292.71      . 

111501 

3.868 

.967 

26 

1054.92 

.023219 

4.740 

1.186 

27 

1287.87      . 

109872 

3.882 

.971 

27 

1051.70 

.021WK) 

4.754 

1.190 

28 

1283.07      . 

108249 

3.897 

.974 

28 

1048.48 

.020r>65 

4.709 

1.193 

29 

1278.30     . 

106a32 

3.911 

.978 

29 

1045.31 

.019244 

4.783 

1.197 

30 

1273.57:  3. 

105022 

3.926 

.982 

30 

1042.14 

3.017927 

4.798 

1.200 

31 

1268.87  3. 

103417 

3.941 

.985 

31 

1039.00 

3.016614 

4.812 

1.204 

32 

1264.21 

101818 

3.955 

.989 

82 

lOa'5.87 

.015:^05 

4.827 

1.208 

33 

1259.58      . 

100225 

3.970 

.993 

33 

ia32.76 

.0139i)9 

4.841 

1.211 

31 

1254.98      . 

098638 

3.984 

.996 

34 

1029.67 

.012698 

4.856 

1.215 

35 

1250.42      . 

097057 

3.999 

1.000 

35 

1026.60 

.011401 

4.870 

1.218 

36 

1245.89      . 

095481 

4.013 

1.003 

36 

1023.55 

.010107 

4.885 

1.222 

87 

1241.40      . 

093912 

4.028 

1.007 

37 

1020.51 

.008818 

4.900 

1.226 

88 

1236.94      . 

092347 

4.042 

1.011 

38 

1017.49 

.007532 

4.914 

1.229 

39 

1232.51 

090789 

4.057 

1.014 

39 

1014.50 

.006250 

4.929 

1.233 

40 

1228.11    3. 

089236 

4.071 

1.018 

40 

1011.51 

8.004972 

4.943 

1.237 

41 

1223.74  3. 

087689 

4.086 

1.022 

41 

1008.55 

8.008698 

4.958 

1.240 

42 

1219.40     . 

086147 

4.100 

1.025 

42 

1005.60 

.002427 

4.972 

1.244 

43 

1215.30      , 

084610 

4.115 

1.029 

43 

1002.67 

8.001160 

4.987 

1.247 

44 

1210.82      . 

083079 

4.129 

1.032 

44 

999.762 

2.999897 

5.001 

1.251 

45 

1206.57      . 

081553 

4.144 

1.036 

45 

996.867 

.998637 

5.016 

1.255 

46 

1202.36 

080033 

4.159 

1.040 

46 

993.988 

.997381 

5.030 

1.258 

47 

1198.17      . 

078518 

4.173 

1.043 

47 

991.126 

.996129 

5.045 

1.262 

48 

IIW.OI 

077008 

4.188 

1.047 

48 

988.280 

.994880 

5.059 

1.260 

49 

1189.88      . 

075504 

4.202 

1.051 

49 

9a5.451 

.998635 

5.074 

1  269 

60 

1185.78*3. 

074005 

4.217 

1.0&4 

50 

982.688 

2.992393 

5.088 

1.273 

51 

1181.71    3. 

072511 

4.231 

1.058 

51 

979.840 

2.991155 

5.108 

1.277 

52 

1177.60      . 

071022 

4.246 

1.062  , 

52 

977.060 

.989921 

6.117 

1.280 

53 

1173.65      . 

069538 

4.260 

1.065  , 

^ 

974.294 

.988690 

5.132 

1.284 

64 

1169.66      . 

068059 

4.2r5 

1.069  1 

54 

971.544 

.987463 

5.146 

1.288 

55 

1165.70 

066585 

4.289 

1.073 

55 

968.810 

.986288 

5  161 

1.291 

56 

1161  7C 

0a5116 

4.304 

1.076 

56 

966.091 

.985018 

5.175 

1.295 

57 

1157.85 

063653 

4.318 

1.080 

57 

96).  387 

.988801 

5.110 

1.298 

58 

1153.97 

060194 

4  ais 

1.08;^ 

58 

960.698 

.982587 

5.205 

1  302 

69 

1160.11 

060740 

4.347 

1.088  ' 

59 

958.025- 

.981377 

5.2r 

60 

1146.28  3 

059290 

4.362 

1.091  ; 

60 

955.866 

2.980170 

5.? 
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TABLE  IV.^RADIl,  LOGARITHMS,  OFFSETS,  ETC. 


Radius. 

Loga- 
rithm. 

Tang. 
Off. 

B. 

log.B. 

t. 

955.366 

2.980170 

5.234 

^2.722 

.978966 

5.248 

950.093 

.977766 

5.263 

947.478 

.976569 

5.277 

944.877 

.975375 

5.292 

W2.291 

.974185 

5.306 

939.719 

.972998 

5.321 

937.161 

.971814 

5.335 

934.616 

.970633 

5.350 

932.086 

.969456 

5.364 

929.569 

2.968282 

5.379 

927.066 

2.967111 

5.393 

9i4.576 

.965943 

5.408 

922.100 

.964778 

5.422 

919.637 

.963616 

5.437 

917.187 

.962458 

5.451 

914.750 

.961303 

5.466 

912.326 

.960150 

5.480 

909.915 

.959001 

5.495 

907.517 

.957855 

5.510 

905.131 

2.956711 

5.524 

902.758 

2.955571 

5.539 

900.397 

.9544^4 

5.553 

898.048 

.953300 

5.568 

895.712 

.952168 

5.582 

893.388 

.951040 

5.597 

891.076 

.949915 

5.611 

888.776 

.W8792 

5.626 

886.488 

.947673 

5.640 

884.211 

.946556 

5.655 

881.946 

2.94M42 

5.669 

879.693 

2.944331 

5.684 

877.451 

.943223 

5.098 

875.221 

.942118 

5.713 

873.002 

.941015 

5.?27 

870.795 

.939916 

5.742 

868.598 

.938819 

5.756 

866.412 

.937725 

5.771 

864.238 

.936633 

5.786 

862.075 

.935545 

5.800 

&59.922 

2.934459 

5.814 

857.780 

2.933376 

5.829 

855.648 

.932295 

5.844 

853.527 

.931218 

5.858 

851.417 

.930142 

5  873 

849.317 

.929070 

5.887 

847.228 

.928000 

5.902 

845.148 

.926933 

6.916 

843.080 

.925869 

5.931 

841.031 

.924807 

6.945 

838.972 

2.923747 

5.960 

836.933 

2.922691 

5.974 

834.904 

.921637 

5.989 

832.885 

.920585 

6.003 

830.876 

.919536 

6.018 

838.876 

.918489 

6.032 

8:26.886 

.917446 

6.047 

*»24.905 

.916404 

6.061 

\934 

.915366 

6.076 

178 

.914329 

6.090 

90 

2.913295 

6.105 

Oi-d. 
m. 


Deg. 
I>. 


Radius. 
K. 


1.309 

7"  0' 

1.313 

1 

1.317 

2 

1.320 

3 

1.324 

4 

1.327 

5 

1.331 

6 

1.335 

7 

1.338 

8 

1.342 

9 

l.»46 

10 

1.349 

11 

1.353 

12 

1.356 

13 

1.360 

14 

1.364 

15 

1.368 

16 

1.371 

.    17 

1.375 

18 

1.378  1 

19 

1.382  , 

20 

1.380 

21 

1.389 

22 

1.393 

23 

1.397 

24 

1.400 

25 

1.404 

26 

1.407 

27 

1.411 

28 

1.415 

29 

1.418 

30 

1.422 

31 

1.426 

32 

1.429 

33 

1.433 

34 

1.437 

35 

1.440 

36 

1.444 

37 

1.447 

38 

1.451 

39 

1.455 

40 

1.458 

41 

1.462 

42 

1.466 

43 

1.469 

44 

1.473 

45 

1.476 

46 

1.480 

47 

1.484 

48 

1.487 

49 

1.491 

50 

1.495 

51 

1.498 

52 

1.502 

53 

1.505 

54 

1.510 

55 

1.513 

56 

1.517 

57 

i;520 

58 

1.524 

59 

1.528 

60 

819.020 
817.077 
815.144 
813.238 
811.303 
809.397 
807.499 
805.611 
803.731 
801.860 
799.997 

798.144 
796.299 
794.462 
792.634 
790.814 
789.003 
787.210 
785.405 
783.618 
781.840 

790.069 
778.307 
776.552 
774.806 
773.067 
771.336 
769.618 
707.897 
766.190 
764.489 

762.797 
761.112 
759.434 
757.764 
756.101 
754.445 
752.796 
751.155 
749.521 
747.894 

746.274 
744.661 
743.055 
74m56 
739.864 
738.279 
736.701 
735.129 
733.564 
732.005 

730.454 
728.909 
727.370 
725.838 
724.312 
722.703 
721.280 
719.774 
718.273 
716.779 


1 


Loga- 
rithm. 


Tang. 
Off: 


log.  B.       t. 


Mid. 
Ord. 

m. 


2 


2 


2 


913295 
912263 
911234 
910208 
909183 
906162 
907142 
906125 
905111 
904098 
908069 

902061 
901076 
900073 
899073 
896074 
897078 
896065 
896094 
894105 
893118 

892138 
891151 
890171 
889198 

888217 
887244 
886272 
885303 
884336 
883371 

882409 

881448 
880490 
879534 
878580 
877627 
876678 
875730 
874784 
873840 

872896 
871959 
871021 
870086 
869152 
868221 
867291 
866363 
865438 
864514 

863593 
862673 
861755 
860840 
859926 
859014 
858104 
857196 
856290 
855385 


6.105 
6.119 
6.134 
6.148 
6.163 
6.177 
6.192 
6.206 
6.221 
6.236 
6.250 

6.265 
6.279 
6.294 
6.806 
6.323 
6.887 
6.352 
6.366 
6.881 
6.895 

6.410 
6.424 
6.489 
6.458 
6.4tB 
6.482 
6.497 
6.511 
6.526 
6.540 

6.555 
6.569 
6.584 
6.696 
6.618 
6.627 
6.642 
6.656 
6.671 
6.685 

6.700 
6.714 
6.729 
6.748 
6.758 
6.778 
6.787 
6.802 
6.816 
6.831 

6.845 
6.860 
6.874 
6.889 
6.903 
6.918 
6.932 
6.947 
6.961 
6.976 


.528 
.531 
.535 
.539 
.&43 
.546 
.550 
.553 
.557 
.561 
.564 

.568 
.572 
.575 
.579 
.582 
.586 
.590 
.593 
.597 
.600 

.604 
.606 
.611 
.615 
.619 
.623 
.626 
.680 
.638 
.637 

.041 
.(>44 
.048 
.651 
.655 
.659 
.662 
.666 
.670 
.673 

.677 
.680 
.684 
.688 
.691 
.695 
.699 
.702 
.706 
.710 

.713 
.717 
.720 
.724 
.738 
.731 
.785 
.789 
.742 
.746 
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TABLE  IV.— RADII,  LOGARITHMS,  OFFSETS,  ETC. 


^^ 


Deg. 
D. 


Radius. 


8' 


1 

2 

3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


716.779 
715.291 
713.810 
718.385 
710.865 
709.402 
707.945 
706.493 
705.048 
703.609 
702.175 

700.748 
699.326 
697.910 
696.499 
695.095 
693.696 
692.302 
690.914 
689.532 
688.156 

686.785 
685.419 
684.059 
682.704 
681.354 
680.010 
678.671 
677.338 
676.008 
674.686 

673.369 
672.056 
670.748 
669.446 
668.148 
666.856 
665.568 
6&4.286 
663.008 
661.736 

660.468 
659.205 
657.947 
656.694 
655.446 
654.202 
652.963 
651.729 
650.499 
649.274 

648.054 
646.838 
645.627 
644.420 
643.218 
642.021 
640.828 
639.689 
638.455 
687.275 


Loga- 
rithm. 

Tang. 
Off. 

Mid. 
Or<J. 

log.B. 

t. 

uu 

2.855385 

6.976 

1.746 

.854483 

6.990 

1.749 

.853583 

7.005 

1.753 

.852684 

7.019 

1.756 

.851787 

7.034 

1.761 

.850892 

7.048 

1.764 

.849999 

7.063 

1.768 

.849108 

7.077 

1.771 

.848219 

7.092 

1.775 

.847331 

7.106 

1.778 

2.846445 

7.121 

1.782 

2.846562 

7.135 

f.786 

.&i4679 

7.150 

1.790 

.843799 

7.164 

1.793 

.842921 

7.179 

1.797 

.842044 

7.193 

1.801 

.841169 

7.208 

1.804 

.M0296 

7.222 

1.807 

.839424 

7.237 

1.811 

.838555 

7.251 

1.815 

2.837687 

7.266 

1.819 

2.836821 

7.280 

1.822 

.835956 

7.295 

1.826 

.835093 

7.309 

1.829 

.834232 

7.324 

1.833 

.833373 

7.338 

1.837 

.832515 

7.353 

1.840 

.831660 

7.367 

1.844 

.830805 

7.382 

1.848 

.829953 

7.396 

1.851 

2.829102 

7.411 

1.855 

2.828253 

7.425 

1.858 

.827405 

7;440 

1.863 

.826560 

7.454 

1.866 

.825715 

7.469 

1.869 

.824873 

7.483 

1.873 

.824032 

7.598 

1.877 

.823193 

7.512 

1.880 

.822355 

7.527 

1.8H4 

.821519 

7.541 

1.887 

2.820685 

7.556 

1.892 

2.819852 

7.570 

1.895 

.819021 

7.585 

1.899 

.818191 

7.599 

1.903 

.817363 

7.614 

1.906 

.816537 

7.628 

1.910 

.815712 

7.643 

1.914 

.814889 

7.657 

1.918 

.814067 

7.672 

1.921 

.813247 

7.686 

1.924 

2.812428 

7.701 

1.928 

2.811611 

7.715 

1.932 

.810796 

7.730 

1.985 

.809982 

7.744 

1.939 

.809109 

7.759 

1.943 

.808358 

7.773 

1.946 

.807549 

7.788 

1.950 

.806741 

7.802 

1.953 

.805935 

7.817 

1.957 

.805130 

7.831 

1.961 

2.804327 

7.846 

1.965 

Deg. 


9**  0' 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 

44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


RaditiR. 

Loga- 
rithm. 

B. 

log.  B. 

637.275 

2.804327 

636.099 

.803525 

634.928 

.802724 

683.761 

.801926 

632.599 

.801128 

631.440 

.800332 

630.286 

.799538 

629.136 

.798745 

627.991 

.797953 

626.849 

.797163 

625.712 

2.796374 

624.579 

2.795587 

623.450 

.794801 

622.325 

.794017 

621.208 

.793234 

620.087 

.792453 

618.974 

.791673 

617.866 

.790894 

616.760 

.790117 

616.660 

.789341 

614.563 

2.788566 

613.470 

2.787793 

612.380 

.787021 

611.295s 

.786251 

610.214^ 

.786482 

609.136 

.784714 

608.062 

.783948 

606.992 

.783188 

605.926 

.782420 

604.864 

.781657 

603.805 

2.780897 

602.750 

2.780137 

601.698 

.779379 

600.651 

.778622 

599.607 

.777867 

598.567 

.777112 

597.530 

.776360 

596.497 

.775008 

595.467 

.774858 

594.441 

.774109 

593.419 

2.773351 

592.400 

2.772615 

591.384 

.771870 

590.372 

.771126 

589.364 

.770383 

588.359 

.769642 

587.357 

.768902 

586.359 

.768164 

585.364 

.767426 

5&4.373 

.766690 

583.386 

2.765955 

582.400 

2.765221 

581.419 

.764489 

580.441 

.763758 

579.466 

.763028 

578.494 

.762299 

577.526 

.76157^ 

576.561 

.760845 

575.599 

.760120 

674.641 

.759897 

573.686 

2.758674 

Tang. 
Off. 

t. 


Mid. 
Ord. 

in. 


7.846 

7.860 

7.875 

7.889 

7.904 

7.918 

7.938 

7.947 

7.962 

7  976* 

7.991 

8.005 
8.020 
8.034 
8.049 
8.063 
8.078 
8.092 
8.107 
8.121 
8.136 

8.150 
8.165 
8.179 
8.194 
8.208 
8.223 
8.237 
8.252 
8.266 
8.281 

8.295 
8.310 
8.324 
8.339 
8.353 
8.368 
8.382 
8.397 
8.411 
8.426 

8.440 
8.456 
8.469 
8.484 
8.498 
8.513 
8.527 
8.542 
8.556 
8.571 

8.585 
8.600 
8.614 
8.629 
8.643 
8.668 
8.672 
8.687 
8.701 

8.r 


1.966 


968 
972 
975 
979 
983 
987 
990 
1.994 
1.998 
2.001 

2.005 
2.008 
2.012 
2.016 
2.019 
2.023 
2.026 
2.030 
2.034 
2.037 

2.041 
2.W5 
2. 048 
2.01:2 
2.056 
2.060 
2.003 
2.000 
2.0V0 
2.0^4 

2.077 
2.081 
2.084 
2.088 
2.092 
2.096 
2.099 
2.103 
2.106 
2.110 

2.113 
2.117 
2.'l2i 
2.125 
2.128 
2.13i, 
2.135 
2.139 
2.142 
2.147 

2.150 
2.164 
2.158 
2.161 
2.1G5 
2.108 
2  172 
2.175 
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TABLK  IV.— RADn,  LOGAJEUTHMS,  OFFSETS,  ETC. 


I>eg. 


10"  0' 
2 
4 
f< 

8 
10 

la 

14 
IG 
18 

20 
22 
^ 

28 
30 
32 
Si 

m 

38 

40 
42 
44 
40 
48 
50 
52 
54 
5(5 
58 

11°  o' 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 
22 

2(3 
28 
30 
32 

30 
38 

40 
42 
44 
46 

48 
50 
52 
54 
50 
58 


Radius. 


573.086 
571. 7K4 
569.8% 
508. U20 
566.156 
5(>4.305 
562.400 
560.038 
558.823 
'557.019 

555.227 
553.447 
551.078 
51U.1>20 
548.174 
540.438 
544.714 
548.001 
511.298 
539.006 

537.924 
536.253 
5ai.593 
532.943 
531.303 
52<).6r3 
528.053 
526.443 
5SM.843 
523.252 

521.671 
520.100 
518.539 
516.986 
515.443 
513.909 
512.385 
510.869 
509.363 
607.865 

506.376 
504.890 
503.425 
501.962 
500.507 
499.061 
497.624 
496.195 
494.774 
493.361 

491.956 
490.559 
489.171 
487.790 
486.417 
485  051 
483.694 
482.  :W4 
481.001 
479.666 
478.339 


Loga- 
rithm. 

log.  K. 


2.758674 
.757232 
.755796 
.754;i04 
.752937 
.751514 
.750096 
.7480^3 
.747274 

2.745870 

2.744471 
.743076 
.741686 
-740300 
.7"38918 
.737541 
.736169 
.7*4800 
.73*436 

2.732077 

2.7'30721 
.729370 
.728023 
.726681 
.725*42 
.7M)08 
.722677 
.721351 
.720029 

2.718711 

2.717397 
.716087 
.714781 
.713479 
.712181 
.710887 
.709596 
.708310 
.707027 
705748 


2 


2.704473 
.703202 
.701934 
.700671 
.699410 
.698154 
.696901 
.695652 
.694407 

2.693165 

2.691926 
.690692 
.689460 
.688233 
.687008 
.685788 
.6R4570 
.08:^357 
.082140 
.680939 

2.679735 

[284] 


Tang. 
Off. 

t. 


8.716 
8.745 
8.774 
8.803 
8.831 
8.860 
8.889 
8.918 
.947 
.976 


8. 
8. 


9.005 
9.034 
9.063 
9.092 
0.121 
9.150 
9.179 
9.206 
9.237 
9.266 

9.295 
9.3*^ 
9.353 
9.382 
9.411 
9.440 
9.469 
9.498 
9.527 
9.556 

9.585 
9.614 
9.642 
9.671 
9.700 
9.729 
9.758 
9.787 
9.816 
9.845 

9.874 

9.903 

9.932 

9.961 

9.990 

10.019 

,10.048 

10.077 

10.106 

■10.135 

110.104 

110.192 

110.221 

110.250 

110  279 

10.308 

10.. 337 

10.300 

10  3J)5 

,10.424 

I 10. 453 


Mid. 
Ord. 

1 
Deg. 

in. 

I>. 

2.188 

'12°  O' 

2.190 

2 

2.198 

4 

2.206 

6 

2.212 

8 

2.219 

10 

2.227 

12 

2.234 

14 

2.241 

16 

2.234 

18 

2.266 

^ 

2.26.3 

^ 

2.270 

S4 

2.278 

26 

2.285 

28 

2.293 

30 

2.300 

32 

2.307 

84 

2.314 

S() 

2.321 

88 

2.329 

40 

2.380 

42 

2.»4:^ 

44 

2.351 

46 

2.358 

48 

2.365 

50 

2.37;J 

52 

2.380 

54 

2.387 

56 

2.394 

58 

2.402 

13°  0' 

2.4'.>9 

2 

Radius. 
B. 


2 
2. 


2.410 

.431 
2.438 
2.445 
2.453 
2.400 
2.467 


475 
482 
489 
496 
504 
2.511 
2.518 
2.520 
2.53;^ 
2.540 

2.547 
2.555 
2.562 
2.509 
2.. 577 
2.5S4 
2.591 
2..59<S 
2.600 
2.613 
2.620 


4 

6 
8 
10 
12 
14 
16 
18 

20 
22 
24 
26 
28 
30 
32 
84 
36 
88 

40 
42 
44 
40 
48 
50 
52 

56 
58 
60 


478.339 
477.018 
475.705 
474.400 
473.102 
4n.810 
470.526 
469.249 
467.978 
466.715 

465.459 
464.209 
462.966 
461.729 
460.500 
459.276 
458.000 
456.850 
455.646 
454.449 

458.259 
452.073 
450.894 
449  ?22 
448.556 
447.395 
446.241 
445.093 
448.951 
442.814 

441.684 
440.559 
439.440 
4G8.326 
437.219 
436.117 
435.020 
483.929 
432. g44 
481.764 

430  690 
429.020 
428.557 
427.498 
426.445 
425.396 
424.354 
423.310 
422.283 
421.256 

420.233 
419  215 
418.203 
417.195 
410.192 
415  194 
414.201 
413.212 
412.229 
411.250 
410.275 


Loga- 
rithm. 

log.  B. 


Tang. 
Off. 

t. 


2.079735 
.678535 
.677:^8 
.676146 
.674954 
.678767 
.672584 
.6714a3 
.670226 

2.669062 

2.667881 
.666718 
.666649 
.664387 
.663229 
.662074 
.660922 
.659773 
.658628 

2.657485 

2.656345 
.656208 
.654075 
.652944 
.651816 
.660691 
.649670 
.648451 
.647336 

2.646221 

2.646111 
.644004 
.642899 
.641798 
.640699 
.689608 
.688510 
.637419 
.636331 

2.635246 

2.634164 
.633085 
.632008 
.630934 
.629863 
.028794 
.627728 
.626665 
.626604 

2.624546 

.628490 
.622437 
.621387 
.02a389 
.619294 
.618251 
.617211 
,616173 
.615138 
.614106 
2.618075 


10.453 
10.482 
10.611 
10.540 
10.569 
1C.597 
10.626 
10.656 
10.684 
10.713 

10.742 
10.771 
10.800 
10.829 
10.868 
10.887 
10.916 
10.946 
10.973 
11.002 

11.081 
11.060 
11.089 
11.118 
11.147 
11.176 
11.205 
11.234 
11.263 
11.291 

11.320 
11.349 
11.378 
11.407 
11.436 
11.465 
11.494 
11.623 
11.662 
11.580 

11.609 
11.638 
11.667 
11.696 
11  725 
11.764 
11.783 
11.812 
11.840 
11.869 

11.898 
11.927 
11.956 
11.985 
12.014 
12.043 
12.071 
12.100 
12.129 
12.158 
12.187 


Mid. 
Ord. 

m. 


2.C20 
2.628 
2.0:% 
2.642 
2.650 
2.657 
2.664 
2.671 
2.679 
2.686 

2.693 
2.701 
2.708 
2.715 
2.722 
2.r30 
2.737 
2.744 
2  752 
2.759 

2.766 
2  774 
2.781 
2.788 
2.795 
2.803 
2.810 
2.817 
2.825 
2.882 

2.889 
2.846 
2.854 
2.861 
2.868 
2.876 
2.883 
2.890 
2.898 
2.905 

2.912 
2.919 
2.927 
2.981 
2.&41 
2.&49 
2.956 
2.963 
2.971 
2.978 

2.985 
2  992 
3.00U 
8.007 
3.014 
8.022 
8.0!s^ 
3.0E6 
8.(M4 
3.051 
3.058 


TABLE  IV.— RADH,  LOGARITHMS,  OFFSETS,  ETC. 


\ 


rteg. 

Radius. 

Loga- 
rithm. 

Tan. 
Off. 

Mid. 
Ord. 

i>. 

B. 

log.  R. 

t. 

m. 

14**  0' 

410.275 

2.613075 

12.187 

3.058 

2 

409.306 

.612048 

12.216 

3.065 

4 

408.341 

.611023 

12.245 

3.073 

6 

407.380 

.610000 

12.274 

3.080 

8 

406.424 

.608980 

12.302 

3.087 

10 

405.473 

.607962 

12.331 

3.095 

12 

404.526 

.606946 

12.360 

3.10S 

14 

403.583 

.605933 

12.389 

3.109 

16 

40J3.615 

.604923 

12.418 

3.117 

18 

401.712 

.603914 

12.447 

3.124 

20 

400.782 

2.602908 

12.476 

3.131 

22 

399.857 

.601905 

12.504 

3.138 

24 

398.937 

.600904 

12.533 

3.146 

26 

398.020 

.599905 

12.562 

3.153 

28 

397.108 

.598903 

12.591 

3.160 

30 

396.200 

.597914 

12.620 

3.168 

32 

395.296 

.596922 

12.649 

3.175 

ai 

391.393 

.595933 

12.678 

3.182 

36 

393.501 

.594915 

12.708 

3.190 

38 

392.609 

.593960 

12.735 

3.197 

40 

391.722 

2.592978 

12.764 

3.204 

42 

390.83S 

.591997 

12.793 

3.211 

41 

389.959 

.591019 

12.822 

3.219 

46 

389.081 

.590013 

12.851. 

3.226 

48 

388.212 

.589069 

12.880 

3.233 

50 

387.315 

.538037 

12.903 

3.241 

52 

386.481 

.587123 

12.937 

3.248 

54 

385.621 

.586161 

12.966 

3.255 

56 

381.765 

.585196 

12.993 

3.263 

5S 

883.913 

.681233 

13.024 

3.270 

16'  0 

383. 0S5 

2.583272 

13.053 

3.277 

2 

382.220 

.582314 

13.031 

3.281 

4 

381.380 

.581^58 

13.110 

3  292 

6 

380.543 

.580103 

13.139 

3.299 

8 

379.709 

.579151 

13.163 

3.306 

10 

378.880 

.578501 

13.197 

3314 

12 

378.051 

.577553  13.226 

3.321 

14 

377.231 

.576608  13.251 

3.328 

16 

376.412 

.575664 

13.283 

3.336 

18 

375.597 

.574722 

13.312 

3.343 

20 

374.786 

2.573783 

13.341 

3.350 

22 

373.977 

.572845 

13.370 

3.358 

21 

373.173 

.571910 

13.399 

3.365 

26 

372.372 

.570977 

13.427 

3.372 

28 

371.574 

.570015- 

13.456 

3.J79 

30 

370.780 

.569116 

13.485 

3.387 

32 

369. 98 J 

.568189 

13.514 

3.394 

31 

369.202 

.567231  13.543 

3.401 

36 

368.418 

.566310 

13.572 

3.409 

38 

367.637 

.565119 

13.600 

3.416 

40 

366.859 

2.561500  13.629 

3.423 

42 

366.085 

.563582 

13.658 

3.431 

41 

365.315 

.562667 

13.687 

3.438 

46 

364.517 

.561754 

13.716 

3.445 

48 

363.783 

.560843 

13.744 

3.452 

50 

363.022 

.559933 

13.773 

3.460 

52 

362.264 

.559028 

13.802 

3.467 

M 

361.610 

.558120 

13.831 

3.474 

56 

360.758 

.557216 

13.860 

3.482 

58 

360.010 

.556315 

13.889 

3.489 

60 

869.235 

2.565415 

13.917 

3.496 

1  I>eg. 

Radius. 

Loga- 
rithm. 

Tan. 
Off. 

Mid. 
Ord. 

D. 

B. 

log.  B. 

t. 

m. 

16''  C 

359.265 

2.556415 

13.917 

3.496 

2 

858.523 

.564517 

13.946 

3.504 

;   4 

357.7^ 

.553621 

13.975 

3.511 

6 

357.048 

.552727 

14.004 

3.518 

8 

356.315 

.551834 

14.033 

3.526 

10 

355.585 

.550944 

14.061 

3.533 

12 

354.859 

.550055 

14.090 

3.540 

14 

354.135 

.549169 

14.119 

3.547 

16 

353.414 

.548284 

14.148 

3.656 

18 

852.696 

.547401 

14.177 

3.662 

20 

351.981 

2.546519 

14.205 

3.569 

22 

361.269 

.546640 

14.234 

3.577 

24 

350.560 

.544762 

14.263 

3.584 

26 

^9.851 

.548887 

14.292 

3.591 

28 

349.150 

.543013 

14.320 

3.599 

30 

348.450 

.542140 

14.349 

8.606 

32 

^7.752 

.541270 

14.378 

3.613 

34 

347.057 

.540401 

14.407 

3.621 

36 

346.365 

.539535 

14.436 

3.628 

38 

345.676 

.538670 

14.464 

3.635 

40 

344.990 

2.537806 

14.493 

3.ft43 

42 

344.306 

.536945 

14.522 

8.650 

44 

343.625 

.536085 

14.551 

3.657 

46 

342.947 

.535227 

14.580 

3.664 

48 

342.271 

.534370 

14.608 

3.672 

50 

341.598 

.533516 

14.637 

3.679 

52 

340.928 

.582663 

14.666 

3.686 

54 

340.260 

.631811 

14.695 

3.694 

56 

339.595 

.530962 

14.728 

3.701 

58 

338.933 

.530114 

14.752 

3.708 

IT**  0 

ass.  273 

2.529268 

14.781 

3.716 

2 

337.616 

.528424 

14.810 

3.723 

4 

336.962 

.527581 

14.838 

3.730 

6 

336.310 

.526740 

14.867 

3.738 

8 

335.660 

.525900 

14.896 

3.745 

10 

3a5.013 

.525062 

14.925 

3.752 

12 

334.369 

.524226 

14.954 

3.760 

14 

333.727 

.623392 

14.982 

3.767 

16 

333.088 

.522559 

16.011 

3.774 

18 

332.451 

.521728 

16.010 

3.781 

20 

331.816 

2.520898 

16.069 

3.789 

22 

331.184 

.520070 

15.097 

3.796 

24 

330.555 

.519244 

15.126 

3.803 

26 

329.928 

.618419 

15.155 

3.811 

28 

329.303 

.517596 

15.184 

3.818 

30 

328  689 

.516774 

15.212 

3.825 

32 

328.061 

.515954 

15.241 

3.833 

31 

327.443 

515136 

16.270 

3.840 

36 

326.828 

.514819 

16.299 

3.847 

38 

326.215 

.518504 

16.827 

3.855 

40 

325.601 

2.512690 

15.a56 

3.862 

42 

324.996 

.511878 

15.385 

3.869 

44 

324.390 

.511067 

16.414 

3.877 

46 

323. 7S6 

.510258 

15.442 

3.884 

48 

323.184 

.509461 

15.471 

3.891 

50 

322.585 

.508645 

15.500 

?.m9 

52 

321.989 

.5078401  15.520 

3.906 

54 

321.394 

.507037 

15.557 

3.913 

56 

320.801 

.506236 

15.586 

3.920 

58 

320.211 

.505436 

16.615 

3.028 

60 

319.623 

2.504638 

15.643 

3  nw 
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TABLE  IV.— RAbn,  LOGARITHMS,  OFFSETS,  ETC. 


Deg.    Radius. 


D. 


30**  ao' 

40  ! 

SI**  c, 

20  I 
40  , 

32«  (y 

20 
40 

33**  (y 

20 
40 

34°  O' 
20 
40 

36**  O' 
20 
40 

36**  0' 
20 
40 

37**  (y 
20 
40 

38**  C 


B. 


191.111 
189.088 
187.009 
185.158 
183.258 
181.396 
179.577 
177.794 
176.047 
174.836 

ira.esg 

171.015 
169.404 
167.825 
166.275 
164.756 
163.266 
161.808 
160.368 
158.960 
157.577 
156.220 
164.887 
153.578 


2.281286 
.276652 
.272071 
.267541 
.263062 
.258632 
.264250 
.249916 
.245628 
.241386 
.237188 

2.233085 
.228921 
.224856 
.220828 
.216&12 
.212895 
.208988 
.205119 
.201288 
.197494 
.193786 
.190014 

2.186328 


26.163 
26.443 
26.724 
27.004 
27.284 
27.564 
27.843 
28.123 
28.402 
28.680 
28.969 
29.237 
29.515 
29.793 
30.071 
30.a48 
30  625 
30.902 
31,178 
31.454 
31.780 
32  006 
32.282 
32.557 


6.657 

6.731 

6.805 

6.879 

6.958 

7.027 

7.101 

7.175 

7.250 

7.324 

7.398 

7.473 

7.547 

7.621 

7.696 

7.7.-0 

7.845 

7.919 

7.994 

8  068 

8.143 

8.218 

8.292 

8  367 


Deg.    Radius. 


D. 


B. 


38"'30',  151. 

39**  O'l  149. 

I        30    147. 

40°  (y  146. 

80    144. 

4P  (y   142. 

I         30    141. 

I  42°  0'  189. 

I        30    137. 

43°  O'  136. 

'        30  I  134. 

I  44°  O'  133. 

30  I  132. 

45°  O'  130. 

30  I  129, 

46°  0'  127. 

30  I  126, 

47°  O'  125, 

30    124 

48°  0'  122, 

I        30    121 

I  49°  0'  120 

30,119 

60°  0'  118 


Loga- 
rithm. 

log.  B. 


Tang.    Mid. 
Off.     Oi-d. 


657  2.180863 


787 
965 
190 
460 
773 
127 
521 
955 
425 
932 
473 
049 
656 
296 
965 
664 
392 
148 
930 
,738 
571 
.429 
.310 


.175476 
.170160 
.164918 
.159747 
.1&1645 
.149610 
.144641 
.139786 
.134895 
.180114 

2.125895 
.120734 
.116130 
.111584 
.107092 
.102665 
.098270 
.098938 
.089657 
.086425 
.081243 
.077109 

2.078022 


32.969 

33.881 

33.792 

34.202 

34.612 

85. OBI 

35.429 

35.837 

36.244 

36.650 

87.0C6 

37.461 

37.805 

88.268 

38.671 

39.073 

39.474 

39.875 

40.275 

40.674 

41.072 

41<469 

41.866 

42.202 


8.479 

8.592 

8.704 

8.816 

8.929 

9.041 

9.154 

9.267 

9.380 

9.493 

9.606 

9.719 

9.882 

9.946 

10.059 

10.178 

10.286 

10.400 

10.516 

10.628 

10.742 

10.866 

10.970 

11.085 


TABLE  V.-CORRECTIONS  FOR  TANGENTS  AND  EXTERNALS. 


For  Tangents,  add 

Ang 

For  Externals,  add 

Ang 

5« 

10» 

15°  1  20« 

25° 

30° 

5° 

10° 

15° 

20° 

25°     30° 

A 

Cur. 

Cup.  Cur.  j  Cur. 

Cur.  Cur. 

1 

1   A 
10° 

Cur. 

Cur. 
.003 

Cur.    Cur. 

Cur. 

Cur. 

lOo 

.03 

.06 

.09      .13 

.16 

.19 

001 

.004,   .006 

.007 

.008 

20 

.06 

.18 

.19 

.26 

.32 

.39 

20 

.006 

.011 

.017 

.022 

.028 

.034 

30 

.10«- 

.19 

.29 

.39 

.49 

.59 

30 

.013 

.025 

.038 

.051 

.065 

.078 

40 

.18 

.26 

.40 

.53 

.67 

80 

1  40 

.023 

.046 

.070    .098 

.117 

.141 

50 

.17 

.34 

.51 

.68 

.85 

1  02 

1  50 

.037 

.075 

.116'   .151 

.189 

.227 

60 

.21 

.42 

.63 

.84 

1.05 

1.27 

1  60 

.066 

.112 

.168i   .225     .283 

.340 

70 

.25 

.51 

.76 

1.02    1.2811.54 

'  70 

.080 

.159 

.240'   .821 

.403 

.485 

80 

.30 

.61 

.91 

1.22 

1.5311.84 

1  80 

.110 

.220 

.832,   .445 

.558 

.671 

90 

.36 

.72 

1.09 

1.45 

1.83 

2.20 

90 

.149 

.299 

.460'   .603 

.756 

.910 

100 

.48 

.86 

1.30 

1  74 

2  18 

2.62 

100 

.200 

.401 

.604     .809  1.015 

1.221 

110 

.51 

1.03 

1.56 

208 

2.61 

3.14 

110 

.268 

.536 

.806,1.082,1.366 

1.633 

120 

•6? 

1.25 

1.93 

2.52 

3  16 

3.81 

120 

1 

.360 

.721 

1.066  1.466  1.825 

1 

2.197 

[287] 


TABLE  VI.— TANGENTS  AND  EXTERNALS  TO  A  1«  CURVE. 


Angle. 

Tan- 
gent. 

Exter- 
nal. 

1 
1 

Angle. 

A 

T. 

£. 

A 

V 

50.00 

.218 

11       / 

10 

58.34 

.297 

10' 

ao 

66.67 

.888 

20 

30 

75.01 

.491 

30 

40 

as. 34 

.606 

40 

50 

91.68 

.733 

50 

2 

100.01 

.873 

12 

10 

108.35 

1.024 

10 

20 

116.68 

1.188 

20 

30 

125.02 

1.364 

80 

40 

133.36 

1.552 

40 

50 

141.70 

1.752 

50 

3 

150.04 

1.964 

13 

10 

158.38 

2.188 

10 

20 

166.72 

2.425 

20 

30 

175.06 

2.674 

30 

40 

183.40 

2.934 

40 

50 

191.74 

3.207 

60 

4 

200.08 

3.492 

14 

10 

208.43 

3.790 

10 

20 

216.77 

4.099 

20 

30 

225.12 

4.421 

30 

40 

233.47 

4.755 

40 

50 

241.81 

5.100 

50 

5 

250.16 

5.459 

16 

10 

258.51 

5.829 

10 

20 

266.86 

6.211 

20 

30 

275.21 

6.606 

30 

40 

283.57 

7.013 

40 

50 

291.92 

7.432 

60 

6 

300.28 

7.863 

16 

10 

308.64 

8.307 

10 

20 

316.99 

8.762 

20 

30 

325.35 

9.230 

30 

40 

333.71 

9.710 

40 

50 

342.08 

10.202 

60 

7 

350.44 

10.707 

17 

10 

358.81 

11.224 

10 

20 

867.17 

11.753 

20 

30 

375.54 

12.294 

30 

40 

888.91 

12.847 

40 

50 

892.28 

13.418 

50 

8 

400.66 

13.991 

18 

10 

409.03 

14.582 

10 

20 

417.41 

15.184 

20 

80 

425.79 

15.799 

80 

40 

434.17 

16.426 

40 

50 

442.55 

17.065 

50 

9 

450.93 

17.717 

19 

10 

459.32 

18.381 

10 

,20 

467.71 

19.058 

20 

i 

'30 

476.10 

19.746 

30 

40 

484.49 

20.447 

40 

50 

492.88 

21.161 

50 

10 

501.28 

21.887 

20 

10 

509.68 

22.624 

10 

20 

518.08 

28.875 

20 

ao 

526.48 

24.188 

30 

584.89 

24.913 

40 

543.29 

25.700 

50 

551.70 
560.11 
568.53 
576.95 
685.36 
593.79 
602.21 
610.64 
619.07 
627.50 
635.93 
644.37 

652.81 
661.25 
669.70 
678.15 
686.60 
695.06 
703.51 
711.97 
720.44 
728.90 
737.87 
745.85 

754.82 
762.80 
771.99 
779.77 
•  788.26 
796.75 
805.25 
813.75 
822.25 
830.76 
839.27 
847.78 

856.30 
864.82 
873.85 
881.88 
890.41 
898.95 
907.49 
916.03 
924.58 
938.13 
941.69 
950.25 

^58.81 
967.38 
975.96 
984.53 
993.12 
1001.7 
1010.3 
1018.9 
1027.5 
1036.1 
1044.7 
1053.8 


26.500 
27.318 
28.137 
28.974 
29.824 
80.686 
31.561 
32.447 
33.347 
34.259 
35.183 
36.120 

37.070 
38.031 
39.006 
39.993 
40.992 
42.004 
43.029 
44.066 
45.116 
46.178 
47.253 
48.341 

49.441 
60.554 
51.679 
52.818 
53.969 
65.132 
56.309 
57.498 
58.699 
69.914 
61.141 
62.381 

63.634 
64.900 
66.178 
67.470 
68.774 
70.091 
71.421 
72.764 
74.119 
75.488 
76.869 
78.264 

79.671 
81.092 
82.525 
83.972 
85.481 
86.904 
88.389 
89.888 
91.399 
92.924 
94.462 
96.013 


Angle. 

Tan- 
gent. 

Kxt-er- 
nal. 

A 

T. 

E. 

21' 

1061.9 

97.5T7 

10' 

1070.6 

99.155 

20 

1079.2 

100.75 

30 

1087.8 

102.35 

40 

1096.4 

108.97 

60 

1105.1 

105.60 

22 

1113.7 

107.24 

10 

1122.4 

108.90 

20 

1131.0 

110.57 

30 

1139.7 

112.25 

40 

1148.4 

118.95 

60 

1157.0 

115.66 

23 

1166.7 

117.38 

10 

1174.4 

119.12 

20 

1183.1 

120.87 

30 

1191.8 

122.63 

40 

1200.6 

124.41 

50 

1209.2 

126.20 

24 

1217.9 

128.00 

10 

1226.6 

129.82 

20 

1235.8, 

131 : 65 

30 

1244.0 

133.50 

40 

1252.8 

135.35 

60 

1261.5 

137.23 

25 

1270.2 

139.11 

10 

1279.0 

141.01 

20 

1287.7 

142.93 

30 

1296.5 

144.85 

40 

1805.3 

146.79 

60 

1314.0 

148.75 

26 

1822.8 

150.71 

10 

1831.6 

152.69 

20 

1340.4 

154.69 

30 

1349.2 

156.70 

40 

1358.0 

158.72 

50 

1366.8 

160.76 

27 

1375.6 

162.81 

10 

1384.4 

164.86 

20 

1398.2 

166.96 

30 

1402.0 

169.04 

40 

1410.9 

171.15 

60 

1419.7 

173.27 

28 

1428.6 

175.41 
177.® 

10 

1437.4 

20 

1446.8 

179.72 

80 

1455.1 

181.89 

40 

1464.0 

184.08 

60 

U72.9 

186.29 

29 

1481.8 

188.51 

10 

1490.7 

190.74 

20 

1499.6 

192.99 

80 

1508.5 

195.25 

40 

1517.4 

197.53 

50 

1526.3 

199.82 

30 

1535.8* 

202.12 

10 

1544.2 

204.44 

20 

1553.1 

206.77 

30 

1562.1 

209.13 

40 

1571.0 

211.48 

60 

1580.0 

213.86 
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TABLE  VI. 

—TANGENTS  AND  EXTERNALS  TO  A  1°  CURVE. 

Angle. 

Tan- 
gent. 

Exter- 
nal. 

Angle. 

Tan- 
gent. 

Exter-  , 
nal.     1 

Anglo. 

Tan- 
gent. 

Exter- 
nal. 

L 

T. 

£. 

A 

T. 

1 

A 

T. 

£. 

sv 

1589.0 

216.25 

41« 

2142.2 

387.38  1 

6V 

2782.9 

618.39 

i 

10 

1598.0 

218.66 

10' 

2151.7 

390.71 

10' 

2743.1 

622.81 

20 

1606.9 

221.08 

20 

2161.2 

894.06 

20 

2753.4 

627.24 

1 

ao 

lei&.g 

1621.9 

223.51 

;« 

2170.8 

397.43 

30 

2763.7 

631.69 

40 

225.96 

40 

2180.3 

400.82  , 

40 

2773.9 

6:36.17 

1 

60 

1633.9 

228.42 

50 

2189.9 

404.22  1 

50 

27H4.a 

640.66 

1 

32 

1643.0 

230.90 

42 

2199.4 

407.04  1 

52 

2794.5 

646.17 

10 

1652.0 

233.39 

10 

2209.0 

411.07 

10 

2804.9 

649.70 

20 

1661.0 

235.90 

20 

2218.6 

414.52 

20 

2815.2 

654.25 

30 

1670.0 

238.43 

30 

2228.1 

417.99 

30 

2825.6 

658.83 

40 

1679.1 

240.96 

40 

2237.7 

421.48  ' 

40 

2835.9 

663.42 

50 

1688.1 

243.52 

60 

2247.3 

424.1)8 

50 

2846.3 

668.03 

33 

1697.2 

246.06 

43 

2257.0 

428.50 

<  53 

2856.7 

6^.66 

10 

1706.3 

248.66  1 

10 

2266.6 

432.  (M 

10 

2867.1 

677.32 

20 

1715.3 

251.26 

20 

2276.2 

435.59 

20 

2877.5 

681.99 

1 

ao 

1724.4 

253.87 

SO 

2285.9 

439.16 

30 

2888.0 

686.68 

1 

40 

1733.5 

256.50 

40 

2295.6 

442.75 

40 

2898.4 

691.40 

50 

1742.6 

259.14 

60 

2305.2 

446.. S5 

50 

2908.9 

696.13 

1 

34 

1751.7 

261.80 

44 

21^4.9 

449.98 

54 

2919.4 

700.89 

10 

1760.8 

264.47  1 

10 

2324.6 

4.53.62 

i          10 

2929.9 

705.66 

20 

1770.0 

267.16 

20 

2334.3 

457.27 

20 

2940.4 

710.46 

ao 

1779.1 

269.86 

30 

2*44.1 

460.95 

30 

2951.0 

715.28 

40 

1788.2 

272.. 58 

40 

23538 

464.64 

40 

2961.5 

720.11 

50 

1797.4 

275.31 

50 

2363.5 

468. a5  ; 

50 

2972.1 

724.97 

35 

1806.6 

278.05  i 

45 

2373.3 

472.08 

55 

2982.7 

729.85 

] 

10 

1815.7 

280.82  1 

10 

2383.1 

475.82 

10 

2998.8 

';'»4.76 

20 

1824.9 

283.60  ^ 

20 

2392.8 

479.59 

20 

3003.9 

789.68 

30 

1834.1 

286.39  , 

30 

2402.6 

483.37 

30 

8014.5 

744.62 

40 

1843.3 

289.20 

40 

2412.4 

487.17  1 

40 

8025.2 

749.59 

1 

SO 

1852.5     292.02 

60 

2422.3 

490.98 

50 

3035.8 

754.57 

36 

1861.7     294.86 

46 

2432.1 

494.82 

56 

8046.5 

759.58 

10 

1870.9 

297.72  , 

10 

2441.9 

498.67 

10 

3057.2 

764.61 

20 

1880.1 

300.59  ' 

20 

2461.8 

502.54 

20 

3067.9 

7'69.66 

30 

1889.4 

^303.47 

80 

2461.7 

506.42 

30 

3078.7 

774.73 

40 

1898.6 

806.37  ' 

40 

2471.5 

510.83 

40 

3089.4 

7'79.83 

50 

1907.9 

809.29 

60 

2481.4 

514.25 

60 

3100.2 

784. W 

37 

1917.1 

312.22 

47 

2491.3 

518.20 

57 

3110.9 

790.08 

10 

1926.4 

315.17 

10 

2501.2 

522.10 

10 

8121.7 

795.24 

20 

1935.7 

318.13 

20 

2511.2 

526.13 

20 

8132.6 

800.42 

30 

1945.0 

321.11 

30 

2521.1 

530.13 

80 

3143.4 

805.62 

40 

1954.3 

324.11 

40 

2531.1 

534.15 

40 

3154.2 

810.85 

50 

1963.6 

327.12 

50 

2541.0 

538.18 

50 

3165.1 

816.10 

38 

1972.9 

330.15 

48 

2551.0 

542.23 

58 

3176.0 

821.87 

10 

1982.2 

33;il9 

10 

2561.0 

546.30  1 

10 

3186.9 

826.66 

20 

1991.5 

336.25 

20 

2571.0 

550.39 

20 

3197.8 

8531.98 

30 

2000.9 

339.32 

30 

2581.0 

554.50  1 

30 

3208.8 

887.31 

40 

2010.2 

a42.41 

40 

2591.1 

.')58.6;j  , 

40 

3219.7 

a42.67 

50 

2019.6 

845.52 

50 

2601.1 

562.77  1 

50 

3230.7 

848.06 

39 

2029.0 

»48.64 

49 

2611.2 

566.94  1 

59 

3241.7 

853.46 

10 

2038.4 

a51.78 

10 

2621.2 

571 . 12 

10 

3252.7 

858.89 

20 

2047.8 

354.94 

20 

2631.3 

575.32 

20 

3263.7 

864.34 

30 

2057.2 

358.11 

30 

2641.4 

579.54 

30 

3274.8 

869.82 

40 

2066.6 

361.29 

40 

2651.5 

58:3.78 

40 

3285.8 

875.32 

50 

2076.0 

364.50  ! 

50 

2661.6 

588.04  ' 

50 

3296.9 

880.84 

40 

2085.4  1  867.';'2 

50 

2671.8 

592.32 

60 

3308.0 

886.38 

10 

2094.9     370.05 

10 

2681.9 

596.62 

10 

;«19.1 

891.95 

20 

2104.3  1  374.20 

20 

2692.1 

600.93 

20 

a330.8 

897.54 

30 

2113.8 

377.47 

30 

2702.3 

fior^.27 

30 

3341.4 

903.15 

40 

2123.3 

380.76  1 

40 

2712.5 

609.62 

40 

a352.6 

908.79 

50 

2183.7 

384.06  1 

50 

27-a2.7 

614.00 

50 

8363.8 

914.'' 
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TABLE  VI.— TANGENTS  AND  EXTERNALS  TO  A  !<>  CURVK 


Angle. 

Tan- 
gent. 

A 

T. 

61< 

> 

3375.0 

10' 

aS86.3 

20 

3397.5 

30 

3406.8 

40 

3420.1 

90 

3431.4 

62 

• 

M42.7 

10 

3454.1 

ao 

3465.4 

30 

3476.8 

40 

3488.3 

50 

3499.7 

63 

8511.1 

10 

3522.6 

20 

3584.1 

80 

3545.6 

40 

3557.2 

50 

3568.7 

64 

3580.3 

10 

3591.9 

20 

3603.5 

80 

3615.1 

40 

3626.8 

50 

3638.5 

65 

3650.2 

10 

3661.9 

.20 

3673.7 

80 

3685.4 

40 

3697.2 

50 

3709.0 

66 

3720.9 

10 

3732.7 

20 

3744.6 

30 

3756.5 

40 

3768.5 

50 

3780.4 

67 

3792.4 

10 

3804.4 

20 

8816.4 

30 

8828.4 

40 

3840.5 

50 

3852.6 

68 

3864.7 

10 

3878.8 

20 

3889.0 

30 

3901.2 

40 

3913.4 

50 

3925.6 

69 

3937.9 

10 

3950.2 

20 

3962.5 

30 

8974.8 

40 

8987.2 

50 

8999.5 

70 

4011.9 

10 

4024.4 

20 

4036.8 

80 

4049.3 

40 

4061.8 

50 

4074.4 

920.14 
925.85 
931.58 
937.84 
943.12 
948.92 
954.75 
960.60 
966.48 
972.38 
978.31 
984.27 

900.24 

996.24 

002.3 

008.3 

014.4 

020.5 

026.6 

032.8 

039.0 

045.2 

051.4 

057.7 

063.9 
070.2 
076.6 
082.9 
089.3 
095.7 
102.2 
106.6 
115.1 
121.7 
128.2 
184.8 

141.4 
148.0 
154.7 
161.3 
168.1 
174.8 
181.6 
188.4 
195.2 
202.0 
208.9 
215.8 

222.7 
229.7 
236.7 
243.7 
250.8 
257.9 
265.0 
272.1 
279.3 
286.5 
293.6 
300.9 


Angle. 

Tan- 

Exter- 

gent. 

nal. 

A 

T. 

7P 

4086.9 

1808.2 

10' 

4099.5 

1315.6 

20 

4112.1 

1322.9 

30 

4124.8 

1330.3 

40 

4137.4 

1337.7 

50 

4150.1 

1845.1 

72 

4162.8 

1352.6 

10 

4175.6 

1360.1 

20 

4188.5 

1367.6 

30 

4201.2 

1375.2 

40 

4214.0 

1382.8 

50 

4226.8 

1390.4 

73 

4239.7 

1898.0 

10 

4252.6 

1405.7 

20 

4265.6 

1413.5 

30 

4278.5 

1421.2 

40 

4291.5 

1429.0 

50 

4304.6 

1436.8 

74 

4317.6 

1444.6 

10 

4380.7 

1452.5 

20 

4343.8 

1460.4 

30 

4356.9 

1468.4 

40 

4370.1 

1476.4 

50 

4383.3 

1484.4 

76 

4396.5 

1492.4 

10 

44D9.8 

1500.5 

20 

4423.1 

1508.6 

80 

4436.4 

1516.7 

40 

4449.7 

1524.9 

50 

4463.1 

1583.1 

76 

4476.5 

1541.4 

10 

4489.9 

1549.7 

20 

4503.4 

1558.0 

80 

4516.9 

1566.3 

40 

4530.4 

1574.7 

50 

4544.0 

1588.1 

77 

4557.6 

1591.6 

10 

4571.2 

1600.1 

20 

4584.8 

1606.6 

30 

4596.5 

1617.1 

40 

4612.2 

1625.7 

50 

4626.0 

1634.4 

78 

4639.8 

1643.0 

10 

4653.6 

1651.7 

20 

4667.4 

1660.5 

30 

4681.3 

1669.2 

40 

4695.2 

1678.1 

50 

4709.2 

1686.9 

79 

4723.2 

1695.8 

10 

4737.2 

1704.7 

20 

4751.2 

1713.7 

30 

4765.3 

1722.7 

40 

4Tr9.4 

1731.7 

50 

4793.6 

1740.8 

80 

4807.7 

1749.9 

10 

4822.0 

1759.0 

20 

4836.2 

1768.2 

30 

4850.5 

1777.4 

40 

4864.8 

1786.7 

50 

4879.2 

1796.0 

Angle. 


SV 


82 


83 


84 


85 


86 


87 


88 


89 


90 


10' 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 

40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 

10 
20 
30 
40 
50 


Tan- 
gent. 

T. 


4893.6 
4908.0 
4922.5 
^937 


4951.5 
4966.1 
4980.7 
4995.4 
5010.0 
5024.8 
5039.5 
5064.3 

5069.2 
5064.0 
6099.6 
5113.9 
5128.9 
5143.9 
5159.0 
5174.1 
5189.3 
5204.4 
5219.7 
5234.9 

5250.3 
5265.6 
5281.0 
5296.4 
5311.9 
5327.4 
5843.0 
5368.6 
6374.2 
6389.9 
6405.6 
5421.4 

6487.2 
6463.1 
5469.0 
5484.9 
5500.9 
5617.0 
5633.1 
6549.2 
5565.4 
5581.6 
6597.8 
5614.2 

5630.5 
5646.9 
5663.4 
5679.9 
5696  4 
5718.0 
6789.7 
5746.3 
5763.1 
5779.9 
5796.7 
5813.6 


Exter- 
nal. 

E. 


8 


1805.3 

1814.7 

1804.1 

1833.6 

1843.1 

1852.6 

1862 

1871 

1881.5 

1891.2 

1900  9 

1910.7 

1920.5 
1930.4 
1940.3 
1950.3 
1960.2 
1970.3 
1980.4 
1990.5 
2000.6 
2010.8 
20S1.1 
2031.4 

2041.7 
2052.1 
2062.5 
2073.0 
2083.5 
2094.1 
2104.7 
2115.3 
2126.0 
2136.7 
2147.5 
2158.4 

2169.2 
2180.2 
2191.1 
2202.2 
^13.2 
2224.3 
2235.5 
2246.7 
2258.0 
2269.3 
2280.6 
2292.0 

2308.5 
2315.0 
2326.6 
2338.2 
2349.8 
2361.5 
2373.3 
2385.1 
2397.0 
2406.9 
2420.9 
2432.9 
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TABLE  VI.— TANGENTS  AND  EXTERNALS  TO  A  1«   CURVE. 


1 

1 
Angle. 

Tan- 
gent. 

Ex- 
ternal. 

Angle. 

Tan- 
gent. 

1 

1 
Ex-    1 
tenial. 

1 
Angle. 

Tan- 
gent. 

Ex- 
ternal 

A 

T. 

]<:. 

1          A 

T. 

£. 

A 

T. 

£. 

i  91 

o 

58a0.5 

2414.9 

101°    , 

6950.6 

3278.1 

IIP 

8336.7 

4386.1 

10' 

5847.5 

2457.1 

10' 

6971.8 

3294.1 

10' 

8862.7 

4407.6 

1 

20 

58&1.6 

2469.8 

20 

6992.0 

3310.1 

20 

8388.9 

4429.2 

1 

30 

5881.7 

2481.5 

30 

7012.7 

8326.1 

30 

8415.1 

4450.9 

1 

40 

5898.8 

2493.8 

40 

7033.6 

3342.3 

1            40 

8441.5 

U72.7 

50 

5916.0 

2506.1 

50 

7054.5 

3858.5 

50 

8468.0 

4494.6 

92 

5933.2 

a)18.5 

102 

7075.5 

8374.9  1 

112 

8494.6 

4616.6 

10 

5950.5 

2531.0 

10 

7096.6 

8391.2  1 

1           10 

8521.8 

4538.8 

20 

5967.9 

2513.5 

20 

7117.8 

3407.7  , 

20 

8548.1 

4561.1 

30 

5985.3 

2556.0 

30 

7139.0 

3421.8 

30 

8575.0 

4583.4 

40 

0002.7 

2568.0 

40 

7160.8 

3440.9 

40 

8(502.1 

4606.0 

50 

6080.2 

2581.3 

50 

7181.7 

3457.6 

50 

8629.8 

4628.6 

33 

0037.8 

25&4.0 

103 

7203.2 

3474.4 

113 

«a50  G 

4651.3 

10 

6055.4 

2606.8 

10 

7224.7 

3491.3 

10 

8684.0 

4674.2 

20 

6073.1 

2619.7 

20 

7246.3 

3508.2 

20 

8711.5 

4697.2 

:*) 

60^0.8 

2632.6 

30 

7268.0 

3525.2 

30 

8739.2 

4720.3 

40 

6106.6 

2645.5 

40 

7289.8 

3542.4 

40 

8767.0 

4743.6 

50 

6126.4 

2658.5 

50 

7311.7 

3559.6 

50 

87})4.9 

4706.9 

91 

6144.3 

2671.6 

104 

7333.6 

3576.8 

114 

8822.9 

4790.4 

10 

6162.2 

2684.7 

10 

7355.6 

3594.2 

10 

8851.0 

4814.1 

20 

6180.2 

2697.9 

20 

r377.8 

3611.7 

so- 

8879.3 

4837.8 

30 

6198.3 

2711.2 

30 

7399.9 

3629.2 

so 

8907.7 

4861.7 

40 

6216.4 

2724.5 

40 

7423.2 

3646.8 

40 

8936.3 

4885.7 

50 

6234.6 

2737.9 

50 

7444.6 

3664.5 

50 

8965  0 

4909.9 

95 

6252.8 

2751.3 

106 

7467.0 

3682.3 

116 

8998.8 

4934.1 

10 

6271.1 

2764.8 

10 

7489.6 

8700.2 

10 

9&22.7 

4958.6 

20 

6289.4 

2778.3 

20 

7512.2 

3718.2 

20 

9051.7 

4983.1 

30 

6307.9 

2792.0 

30 

7534.9 

3736.2 

30 

9080.9 

5007.8 

40 

6326.3 

2805.6 

40 

7557.7 

3754.4 

40 

9110.3 

5032.6 

50 

6314.8 

2819.4 

50 

7580.5 

3^/2.6 

50 

9189.8 

5067.6 

96 

6363.4 

2833.2 

106 

7603.5 

3791.0 

116 

9109.4 

5082.7 

10 

6382.1 

2847.0 

10 

7626.6 

3809.4 

10 

9199.1 

5107.9 

20 

6400.8 

2861.0 

20 

7649.7 

382f9 

20 

9229.0 

5133.3 

30 

6419.5 

2875.0 

30 

7672.9 

3846.5 

30 

9259.0 

5158.8 

40 

6438.4 

2889.0 

40 

7696.3 

3865.2 

40 

9289.2 

5184.5 

50 

6467.3 

2903.1 

50 

7719.7 

3884.0 

50 

9319.5 

5210.3 

97 

6476.2 

2917.3 

107 

7743.2' 

3902.9 

117 

9349.9 

5236.2 

10 

&195.2 

2931.6 

10 

7766.8 

3921.9 

10 

9aso.5 

5262.3 

20 

6514.3 

2945.9 

20 

r/90.5 

3940.9 

20 

9411.3 

5288.6 

30 

6533.4 

2960.3 

30 

7814.3 

3960.1 

30 

9442.2 

5315.0 

40 

6552.6 

2974.7 

40 

7838.1 

3979.4 

40 

9473.2 

5341.5 

50 

6571.9 

2989.2 

50 

7862.1 

3998.7 

50 

9504.4 

5368.2 

98 

6591.2 

3003.8 

108 

7886.2 

4018.2 

118 

95a5.7 

5395.1 

10 

6610.6 

3018.4 

10 

7910.4 

4037.8 

10 

9507.2 

5422.1 

20 

6630.1 

8033.1 

20 

7934.6 

4057.4 

20 

9598.9 

5449.2 

30 

6619.6 

3047.9 

30 

7959.0 

4077.2 

30 

9630.7 

5476.5 

40 

668d.2 

3062.8 

40 

7983.5 

4097.1 

40 

9062. 6 

5504.0 

50 

6688.8 

3077.7 

50 

8008  0 

4117.0 

60 

9694.7 

5531.7 

99 

6708.6 

3092.7 

109 

8032.7 

4137.1 

119 

9727.0 

5559.4 

10 

6728.4 

3107.7 

10 

8aj7.4 

4157.3 

10 

9759.4 

5587.4 

20 

6748.2 

3122.9 

20     8082.3 

4177.5 

20 

9792.0 

5615.5 

30 

6768.1 

3138.1 

80 

8107.8 

4197.9 

30 

9824.8 

5&48.8 

40 

6788.1 

3153.3 

40 

8132.8 

421S.4 

40 

9857.7 

5672.3 

50 

6806.2 

3168.7 

50 

8157  5 

4239.0 

50 

9890.8 

57V.0.9 

lOO 

6828.3 

3184.1 

110 

8182.8 

4259.7 

1  120 

9924.0 

6729.7 

10 

6848.5 

3199.6 

.     10 

8208.2 

4280.5  ' 

1           10 

9957.5 

5758.6 

20 

6868.6 

3215.1 

20     82W.7 

4:301.4 

20 

9991.0 

5787.7 

30 

6889.2 

3280.8 

30 

8259.3 

432-3.4 

80 

10025.0 

5817.0 

ttl 

6909.6 

8246.5 

40 

8285.0 

4;J^i;i.G  1 

40 

10059.0 

5840.5 

50 

6930.1 

3262.3 

50 

81^10.8 

4364.8  1 

50 

10093.0 

6876.1 
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TABLE  VlI.-LOKa 

CHORDS. 

Actual 

LON 

A  Chords. 

Degree 

Arc, 
One 

Curve. 

Station 

d 

3 

4 

5 

6 

»w/  VKW  VA\/&J.a 

stations. 

Stations. ' 

Stations. 

Stations. 

Stations. 

0°10' 

100.000 

200.000 

299.999 

399  998 

499.996 

699.993 

ao 

.000 

199.999 

299.997 

899.992 

499.983 

599  970 

30 

.000 

199.998 

299.992 

399.981 

499.962 

599.933 

40 

.001 

199.997 

299.980 

399.900 

499.932 

599.882 

50 

.001 

199.995 

299.979 

399.947 

499.894 

599.815 

1 

100.001 

199.992 

299.970 

899.924 

499.848 

599.733 

10 

.002 

199.990 

299.959 

399.896 

499.793 

599.637 

ao 

.002 

199.986 

299.946 

399.865 

499.729 

599.520 

30 

.003 

199.983 

299.932 

399.829 

499.657 

699.401 

40 

.003 

199.979 

299.915 

399.789 

499.577 

599.260 

50 

.001 

199.974 

299.898 

399.744 

499.488 

599.105 

2 

100.005 

199.970 

299.878 

399.695 

499.391 

596.984 

IP 

.000 

199.964 

299.857 

899.643 

499.285 

598. 75C 

20 

.007 

199.959 

299.8*4 

399.586 

499.171 

598.5.50 

HO 

.008 

199.952 

299.810 

899.524 

499.049 

598.  aSG 

40 

.009 

199.946 

299.783 

399.459 

498.918 

598.106 

50 

.010 

199.939 

299.750 

399.389 

498.778 

597.862 

3 

100.011 

199.931 

299.726 

899.315 

498.630 

597.604 

10 

.013 

199.924 

299.095 

899.237 

498.474 

597.331 

20 

.014 

199.915 

299.062 

399.154 

498.309 

597.043 

30 

.015 

199.907 

299. 62  i' 

399.008 

498.186 

596.740 

40 

•017 

199.898 

299.591 

398.977 

497.955 

596.423 

50 

.019 

199.888 

299.553 

898.88,'^. 

497.765 

696.091 

4 

100.020 

199.878 

299.513 

398.782 

497.566 

595.744 

10 

.022 

199.868 

29J).471 

898.679 

497.860 

595. 3S3 

20 

.024 

199.857 

299.428 

398.571 

497.145 

695.007 

30 

.026 

199.816 

299. 3a3 

398.459 

496.921 

594.617 

40 

.028 

199.834 

299.337 

898.343 

496.689 

594.212 

50 

.030 

199.822 

299.289 

398.223 

496.449 

593.792 

5 

100.0:ii 

199.810 

299.239 

398.099 

496.201 

698.358 

10 

.0;i4 

199.797 

299.187 

897.970 

495.944 

592.909 

20 

.030 

199.783 
199.770 

299. lai 

897.837 

495.678 

692.446 

30 

.0;^ 

2i)9.079 

397.700 

495.405 

591.968 

40 

.011 

199.756 

299.02;i 

397.559 

495.123 

591.476 

50 

.013 

199.741 

298.964 

397.413 

494.833 

590.970 

6 

100.040 

199.726 

.298.904 

397.264 

494.534 

590.449 

10 

.048 

199.710 

298.843 

397.110 

494.227 

589.913 

20 

.051 

199.695 

298.779 

396.952 

493.912 

589.361 

30 

.054 

199.678 

298.714 

396.790 

493.588 

688.800 

40 

.<m 

199.662 

298.648 

396.623 

493.257 

588.221 

50 

.059 

199.644 

298.579 

396.453 

492.917 

587.628 

7 

100.002 

199.627 

298.509 

396.278 

492.568 

587.021 

10 

.005 

199.609 

298.438 

896.099 

492.212 

586.400 

20 

.008 

199.591 

298.364 

395.916 

491.847 

585.765 

30 

.071- 

199.57'2^ 

298.289 

395.729 

491.474 

686.115 

40   . 

.075 

199.55a> 

298.212-- 

395.588*^ 

491.093 

584.451 

50 

.078 

199.533 

298.134 

895.342 

490.704 

583.773 

8 

100.0:^1 

199.513 

298.054 

395.142 

490.306 

683.081 

10 

.085 

199.492 

297.J)72 

894.938 

489.900 

582.375 

20 

.088 

199.471 

297.888 

894.731 

489.486 

581.654 

W 

.092 

199.450 

297.803 

894.518 

489.064 

580.920 

40 

.095 

199.428 

297.716 

394.302 

488.634 

580.172 

5J 

.o;)9 

199.400 

297.028 

394.082 

488.196 

579.409 

9 

100.103 

199.383 

297.538 

393.857 

487.749 

578.6^33 

10 

.107 

um.m) 

297.446 

393.629 

487.294 

677.84:3 

20 

.111 

199.. 337 

297.352 

393.396 

486.882 

577.039 

30 

.115 

199.313 

297.257 

3913.159 

486.361 

676. 2« 

40 

.119 

199.289 

297.160 

392.918 

485.882 

675.390 

50 

.12:3 

199.204 

297.062 

3t)2.673 

485.895 

574.545 

100.127 

199.239 

296.962 

392.424 

484.900 

578.686 

[29 
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TABLE  VII. -LONG  CHORDS. 


1 

Long  Chords. 

Degree 

Curve. 

7 

8 

9 

10 

11 

12 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

'  o**io 

699.968 

799.982 

899.974 

999.965 

1099.95 

1199.94 

20 

699.953 

799.929 

899.899 

999.860 

1099.81 

1199.76 

90 

699.803 

799.840 

899.772 

999.686 

1099.58 

1199.46 

40 

699.810 

799  716 

899.594 

999.442 

1099.25 

1199.03 

50 

699.704 

799.556 

899.365 

999.128 

1098.84 

1196.49 

1 

699.574 

799.3(30 

899.086 

998.744 

1098.33 

1197.82 

10 

699.420 

799.130 

898.757 

998.290 

1097.72 

1187.04 

20 

699.242 

798.863 

898.376 

997.768 

1097.02 

1196.13 

ao 

699.011 

798.562 

897.945 

997.175 

1096.23 

1195.11 

40 

698.816 

798.224 

897.464 

996.513 

1095.35 

1193.96 

50 

698.667 

797.853 

896.931 

995.782 

1094.38 

1192.69 

2 

696.295 

797.444 

896.349 

994.981 

1093.31 

1191.31 

10 

698.000 

797  000 

8JJ5.716 

994.112 

1092.15 

1189.80 

30 

697.680 

796.522 

895.  aS3 

993.173 

1090.90 

1188.18 

30 

697.338 

796.008 

894.299 

992.165 

1089.56 

1186.43 

40 

696.971 

795.459 

893.515 

991.088 

1088.12 

1184.57 

50 

696.581 

794.874 

892.681 

989.943 

1086.60 

1182.59 

,    3 

696.168 

794.255 

891.798 

988.729 

1084.98 

1180.49 

!        10 

695.731 

798.600 

890.864 

987.447 

1083.28 

1178.28 

1          20 

695.271 

792.911 

889.880 

986.096 

1081.48 

1175.94 

1          30 

694.787 

792.186 

888.846 

984.677 

1079.59 

1173.49 

40 

694.280 

791.427 

887.763 

983.190 

1077.61 

1170.93 

1           ^ 

6S3.750 

790.632 

886.680 

981.636 

1075.54 

1168.25 

1    4 

693.196 

789.803 

885.448 

980.014 

1073.38 

1165.45 

10 

692.619 

788.939 

884.217 

978.325 

1071.14 

1162.54 

20 

692.018 

788.040 

882.936 

976.569 

1068.81 

1159.51 

i:JO 

691.395 

787.108 

881.606 

974.746 

1066.38 

1156.37 

40 

690.748 

786.140 

880.228 

972.856 

1063.87 

1153.12 

•      50 

690.079 

785.138 

878.800 

970.900 

1061.27 

1149.76 

5 

689.886 

784.101 

8rr.324 

968.877 

1058.59 

1146.28 

10 

688.670 

783.030 

875.800 

966.788 

1055.81 

1142.69 

20 

687.930 

781.925 

874.227 

964.6^ 

1052.95 

1138.99 

30 

687.169 

?«0.786 

8?^. 605 

962.415 

1050.01 

lia5.18 

40 

686.884 

779.612 

870.936 

960.130 

1046.97 

1131.26 

50 

685.576 

778.406 

869.219 

957.780 

1043.86 

1127.24 

6 

684.745 

777.165 

867.454 

955.366 

1040.66 

1123.10 

10 

683.892 

V75.890 

865.642 

952.888 

1037.37 

1118.86 

20 

683.016 

774.582 

863.782 

950.345 

1034.01 

1114.51 

30 

682.117 

773.240 

861.875 

947.739 

1030.55 

1110.05 

40 

681.195 

771.864 

859.922 

945.069 

1027.02 

1105.49 

50 

680.251 

770.455 

a57.921 

942.  a37 

1023.40 

1100.853 

7 

679.286 

769.014 

855.874 

939.542 

1019.70 

1096.06 

10 

678.290 

767. 5:» 

853.780 

936.684 

1015. 9:^ 

1091.19 

20 

67r.284 

766.030 

851.640 

933.764 

1012.07 

1086.22 

30 

676.250 

764.490 

849.455 

930.7-83 

1008.18 

1081.15 

40 

675.194 

762.916 

847.224 

927.741 

1004.11 

1075.98 

50 

674.116 

761.309 

844.947 

924.638 

1000.01 

1070.71 

8 

673.015 

759.670 

842.625 

921.474 

995.834 

1065.34 

10 

671.892 

757.999 

840.258 

918.250 

9J)1.580 

1059.88 

20 

670.748 

756.295 

837.845 

914.966 

987.250 

1054.32 

30 

669.581 

754. 5(K) 

8*5.389 

911.623 

982.844 

1048.66 

40 

668.39:) 

752.792 

832.888 

908.221 

978.862 

1042.91 

50 

667.182 

750.993 

8J)0.;i42 

JK)4.761 

973.80(i 

1037.06 

9 

666.950 

749.161 

827.7.54 

901.242 

969.175 

1031.13 

10 

664.697 

747.299 

825.121 

897.667 

964.471 

1025.11 

20 

663.421 

745.404 

822.445 

894. 0J« 

959.604 

1018.99 

30 

662.124 

743.479 

819.726 

890.343 

954.  W4 

1012.79 

40 

660.806 

741.522 

816.965 

886.597 

949.924 

100().49 

50 

659.466 

739.535 

814.160 

882.795 

944.93:3 

1000.12 

10 

658.105 

737.516 

811.314 

878.938 

939.871 

993. 6f 
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TABLE  Vn.— LONG  CHORDS. 


Long  Chords. 

DMTrAA 

Actual 

of 

Arc, 

Curve. 

One 
Station. 

9 

Stations. 

3 

Stations. 

4 
Stations. 

Stations. 

6 

Stations. 

l(y>10' 

100.181 

199.213 

296.860 

392.171 

484.897 

572.813 

20 

.136 

199.187 

296.756 

391.914 

483.886 

571.926 

30 

.140 

199.161 

296.651 

391.652 

488.867 

571 .0B7 

40 

.145 

199.134 

296.544 

391.887 

482.840 

570.113 

50 

.149 

199.107 

296.436 

391.117 

488.305 

569.186 

11 

100.154 

199.079 

296.325 

390.843 

481.768 

568.^^45 

10 

.158 

199.051 

296.214 

,    390.565 

481.211 

567.292 

20 

.163 

199.023 

.  296.100 

1    390.284 

480.653 

566.3^ 

30 

.168 

196.994 

295.965 

,    389.996 

480.066 

565.^43 

40 

.173 

196.961 

295.868 

'    389.706 

479.611 

564.349 

50 

.178 

196.985 

295.750 

389.414 

47B.929 

563.341 

12 

100.183 

198.90* 

295.629 

1    369.116 

478.888 

562. .^21 

10 

.188 

198.874 

295.506 

388.814 

477.740 

56i  287 

20 

.193 

198.843 

295.384 

888.506 

477.135 

560.:^40 

30 

.199 

198.811 

295.259 

888.197 

476.521 

559.180 

40 

.204 

198.77^ 

295.1^ 

,    387.883- 

475.699 

558.107 

50 

.209 

198.747 

295.004 

387.565 

475.270 

557.020 

13 

100.815 

198.714 

294.874 

387.^8 

474.688 

556.921 

10 

220 

198.681 

294.742 

,    386.916 

473.968 

554.809 

20 

226 

196. &48 

294.609 

'    386.586 

473.886 

553. 6»4 

30 

232 

196.614 

294.474 

,    386.252 

472.675 

552.546 

40 

237 

198.579 

2»4.337 

'    885.914 

472.007 

551.395 

50 

243 

198.544 

294.199 

385.572 

471.832 

560.232 

14 

100.249 

198.609 

294.059 

385.225 

470.649 

549.056 

10 

255 

198.474 

293.918 

384.875 

469.958 

547.867 

20 

261 

198.437 

293.774 

884.521 

469.260 

546.666 

30 

.267 

198.401 

293.629 

384.168 

468.554 

545.452 

40 

274 

198.364 

293.483 

883.801 

467.840 

544.226 

50 

280 

198.327 

293.335 

888.435 

467.119 

642.987 

16 

100.286 

198.289 

293.185 

368.065 

466.390 

541.7^ 

10 

292 

198.251 

293.084 

382.691 

465.654 

540.472 

20 

.299 

198.212 

292.881 

382.813 

464.911 

639.196 

30 

.306 

198.173 

292.726 

881.931 

464.160 

587.908 

40 

.312 

198.184 

292.570 

881.546 

468.401 

536.608 

50 

.319 

198.094 

292.412 

381.156 

462.635 

585.296 

16: 

100.326 

198.054 

292.^2 

880.768 

461.862 

533.972 

10 

.333 

198.013 

292.091 

880.865 

461.081 

532. 6a5 

20 

.339 

197.972 

291.928 

379.964 

460.293 

681.287 

30 

.a46 

197.930 

291.764 

379.559 

450.496 

529.927 

40 

.353 

197.888 

291.598 

879.150 

468.695 

528.555 

50 

.361 

197.846 

291.430 

878.787 

457.886 

527.171 

17 

100.368 

197.803 

291.261 

378.820 

457.069 

525.778 

10 

.375 

197.760 

291.090 

877.900 

456.244 

524.369 

20 

.382 

197.716 

290.918 

377.475 

455.418 

522.950 

30 

.390 

197.672 

290.743 

377.047 

454.574 

521.619 

40 

.397 

197.628 

290.568 

876.615 

453.728 

520.078 

50 

.405 

197.583 

290.390 

876.179 

452.875 

518.625 

18 

100.412 

197.538 

290.211 

875.739 

452.015 

517.160 

10 

.420 

197.492 

290.  asi 

875.295 

451.147 

515.685 

20 

.428 

197.446 

289.849 

874.848 

460.87Ji 

614.196 

30 

.436 

197.399 

289.665 

874.397 

449.892 

512.699 

40 

.444 

197.352 

289.479 

873.942 

448.504 

511.190 

.«   50 

.452 

197.305 

289.292 

373.488 

447.608 

509.670 

19 

100.460 

197.2.56 

289.104 

373.021 

446.706 

608.189 

10 

.468 

197.209 

288.913 

372.554 

445.797 

506.597 

■> 

.476 

197.160 

288.722 

372.084 

444.881 

605.043 

.484 

197.111 

2aS.528 

871.610 

448.957 

508.479      1 

.493 

197.062    1 

288.333 

871.183 

443.028 

601.905 

.501 

197.012 

288.137 

870.652 

442.091 

600.320      ! 
496.724 

100.510 

196.962 

287.939 

870.167 

441.147 

[2 

94] 

TABLE  Vn.~LONG   CHORDS. 


Degree 

of 
Curve. 

LoNO  Chords. 

7 

8 

9 

10 

11 

IS 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

10*10 

656.723 

735.467 

808.426 

875.026 

984.741 

987.106 

20 

655.820 

733.387 

805.495 

871.058 

929.542 

980.473 

90 

653.8()5 

781.277 

802.524 

867.088 

924.276 

973.760 

40 

658.450 

729.187 

799.512 

862.963 

918.943 

966.967 

50 

650.983 

786.967 

796.468 

858.836 

913.544 

960.093 

11 

649.496 

724.767 

793.364 

854.656 

908.060 

953.141 

10 

617.989 

722.587 

790.230 

850.425 

902.560 

946.112 

20 

646.460 

720.278 

787.056 

846.140 

806.967 

939.007 

30 

644.911 

717.990 

783.843 

841.808 

891.803 

931.828 

40 

643.342 

715.672 

780.590 

887.424 

886.586 

924.575 

50 

641.758 

713.325 

777.298 

832.990 

879.807 

917.250 

12 

640.142 

710.950 

773.968 

828.507 

873.968 

909.854 

10 

638.512 

708.546 

770.600 

823.974 

868.070 

902.889 

20 

636.862 

706.118 

767.193 

819.394 

862.113 

894.805 

30 

636.191 

703.653 

763.749 

814.766 

856.099 

887.254 

40 

633.501 

'701.164 

760.268 

810.092 

850.028 

879.588 

50 

631.792 

698.647 

756.749 

805.870 

843.900 

871.857 

13 

630.062 

696.103 

753.194 

800.602 

837.718 

864.063 

10 

628.313 

693.531 

749.603 

795.790 

881.482 

856.206 

20 

626.544 

690.932 

745.976 

790.932 

825.192 

848.293 

fV) 

624.756 

688.306 

742.313 

786.030 

818.850 

840.818 

40 

622.949 

685.653 

738.616 

781.085 

812.467 

882.286 

50 

621.123 

682.974 

734.883 

776.096 

806.018 

821.198 

14 

619.278 

680.268 

731.116 

771.066 

799.520 

816.066 

10 

617.413 

677.535 

727.315 

765.993 

792.979 

807.860 

20 

615.530 

674.777 

723.480 

760.879 

786.389 

799.612 

30 

613.628 

671.993 

719.612 

755.725 

779.753 

791.313 

40 

611.708 

669.183 

715.711 

750.531 

773.072 

782.966 

50 

609.769 

666.348 

711.777 

745.297 

766.^45 

774.571 

15 

607.812 

663.488 

707.811 

740.024 

759.575 

766.130 

10 

605.836 

660.603 

703.814 

784.714 

752.763 

20 

603.842 

657.693 

699.785 

729.366 

746.908 

30 

601.831 

654.758 

695.725 

7^.982 

739.014 

40 

599.801 

651.799 

691.634 

718.561 

732.078 

50 

597.753 

648.817 

687.513 

.713.106 

725.104 

16 

595.688 

645.810 

683.362 

707.614 

718.092 

10 

593.605 

642.780 

679.182 

702.088 

711.043 

20 

591.505 

639.727 

674.973 

696.529 

703.959 

30 

589.388 

636.650 

670.735 

690.938 

40 

587.253 

633.550 

666.469 

685.314 

50 

585.101 

630.428 

662.175 

679.659 

17 

582.933 

627.283 

657.854 

673.972 

10 

580.747 

624.117 

653.506 

668.256 

20 

578.545 

620.928 

649.131 

662.510 

30 

576.326 

617.717 

644.730 

656.735 

40 

674.091 

614.485 

640.304^ 

650.988 

50 

671.839 

611.232 

635.852 

645.103 

18 

669.571 

607.958 

631.375 

639.245 

10 

667.287 

604.664 

626.874 

20 

664.988 

601.349 

622.349 

30 

662.678 

598.013 

617.801 

40 

660.342 

594.658 

613.229 

50 

657.996 

591.283 

608.635 

.19 

566.634 

587.888 

604.018 

10 

663.257 

584.473 

599.379 

20 

650.864 

581.042 

594.720 

80 

648.457 

577.591 

590.039 

40 

516.035 

574.121 

585.339 

50 

648.599 

670.634 

680.618 

20 

541.147 

567.128 

575.877 
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TABLE  VII. -LONG  CHORDS. 


*        1           1 

Long  Chords. 

Degree 
of 

Actual 
Arc, 

Curve. 

One 

i» 

3 

4 

5 

6 

Station. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

21* 

100.562 

196.651 

286.716 

367.179 

436.  »I5 

488.931 

22 

100.617 

190.325 

285.437 

3&*.060 

429.305 

478.7^0 

23 

100.075 

195.985 

284.101 

360.810 

423.033 

468.270 

24 

100.735 

195.630 

282.709 

357.433 

416.535 

467.433 

25 

100.798 

195.259 

281.262 

353.930 

409.819 

446.280 

26 

100.863 

194.874 

279.759 

350.303 

402.891 

434.827 

27 

100.931 

194.474 

278.201 

346.556 

395.758 

423.092 

28 

101.002 

1»4.059 

276.589 

342.688 

888.438 

411.092 

29 

101.075 

193.630 

274.921 

338.704 

880.908 

398.846 

30- 

101.152 

193.185 

273.206 

834.607 

373.206 

386.870 

31° 

101.230 

192.726 

271.488 

880.897 

865.328 

878.685 

32 

101.312 

192.252 

269.610 

826.078 

Bo7,2m 

360.808 

m 

101.396 

191.704 

267.784 

321.664 

349.081 

847.759 

34 

101.482 

191.261 

265.808 

817.125 

840.729 

334.556 

35 

101.572 

190.743 

263.830 

312.496 

832.234 

321.230 

36 

101.664 

190.211 

261.803 

307.768 

823.607 

307.768 

37 

101.759 

189.665 

269.727 

302.946 

814.855 

294.222 

38 

101.857 

189.104 

257.602 

298.03*2 

8a5.987 

280.600 

39 

101.957 

188.528 

255.429 

293.028 

297.012 

266.923 

40 

102.060 

187.939  • 

253.209 

287.938 

287.939 

253.209 

41« 

102.166 

187.334 

860.942 

282.766 

278.777 

239.478 

42 

102.275 

183.716 

248.629 

277.514 

269.536 

225.750 

48 

102.386 

186.084 

S46.271 

272.186 

260.222 

212.045 

44 

102.500 

185.437 

948.868 

266.784 

250.848 

198.380 

45 

102.617 

184.776 

241.421 

261 .313 

241 .421 

184.776 

46 

102.737 

184.101 

288.932 

255.775 

231.ft'>2 

171.251 

47 

102.860 

183.412 

236.400 

250.173 

222.448 

157.824 

48 

103.985 

182.709 

233.826 

244.612 

21£;920 

144.512 

49 

103.114 

•181.992 

231.212 

238.796 

303.377 

131.335 

50° 

103.245 

181.262 

228.558 

233.035 

193.828 

118.310 
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CORRfiCTIONS  FOR  SUBCflORD  LENGTHS.    §  106. 


D 

60 

25 

20 

10 

D 

60 

25 

20 

3» 

.004 

.003 

.002 

.001 

27* 

.349 

.218 

.179 

4 

.008 

.005 

.004 

.002 

28 

.376 

.235 

.192 

5 

.012- 

.008 

.006 

.003 

29 

.403 

.252 

.206 

6 

.017 

.011 

.009 

.005 

30<» 

.431 

.270 

.221 

.028 

.015 

.012 

.006 

31 

.461 

.288 

.236 

8 

.090 

.019 

.016 

.008 

32 

.491 

.307 

.252 

9 

.039 

.024 

.020 

.010 

33 

.523 

.327 

.268 

10° 

.048 

.030 

.024 

.013 

34 

.565 

.347 

.285 

11 

.058 

.036 

.030 

.015 

36 

.589 

.368 

.302 

12 

.069 

.043 

.036 

.018 

36 

.623 

.3C0 

.320 

13 

.081 

.050 

.041 

.021 

37 

.659 

.412 

.338 

14 

.093 

.058 

.048 

.025 

38 

.695 

.435 

.356 

15 

.107 

.067 

.055 

.028 

39 

.r33 

.458 

.376 

16 

.122 

.076 

.063 

.032 

40* 

.771 

.483 

.803 

17 

.138 

.086 

.071 

.036 

41 

.811 

.607 

.416 

18 

.155 

.097 

.079 

.041 

42 

.851 

.533 

.437 

19 

.172 

.108 

.088 

.045 

43 

.893 

.559 

.458 

!»« 

.191 

.119 

.098 

.050 

44 

.936 

.586 

.480 

21 

.211 

.132 

.108 

.060 

45 

.980 

.613 

.502 

22 

.231 

.144 

.118 

.061 

46 

1.024 

.6^tl 

.525 

23 

.253 

.158 

.130 

.067 

47 

1.070 

.670 

.549 

24 

.275 

.172 

.141 

.073 

48 

1.117 

.699 

.573 

25 

.299 

.187 

.153 

.079 

49 

1.165 

.729 

.598 

26'' 

.323 

.202 

.166 

.085 

50* 

1.214 

.760 

.623 

10 


.092 
.099 
.106 
.114 
.122 
.ISO 
.138 
.147 
.156 
.165 
.174 
.184 
.184 
.204 
.214 
.225 
.236 
.248 
.259 
.271 
.283 
.206 
.308 
.321 


TABLE  VIII.-MIDDLE  ORDINATES. 


Degree 

of 
Carve. 

1 

2 

3 

4 

5 

6 

Station. 

Stations. 

Stations. 

Stal  ions. 

Stations. 

Stations. 

21« 

4.594 

18.224 

40.431 

70.473 

107.344 

149.809 

22 

4.814 

19.081 

42.275 

73.545 

111.741 

165.460 

23 

5.085 

19.937 

44.108 

?S.577 

116  042 

160.917 

24 

5.265 

20.791 

45.929 

79.570 

120.243 

166.172 

25 

5.476 

21.644 

47.738 

82.520 

124.342 

171.221   - 

26 

5.697 

22.495 

49.534 

85.427 

128.335 

176.058 

27 

"    5.918 

23.345 

51.317 

88.289 

132.219 

180.677 

28 

6.139 

24.192 

63.086 

91.105 

135.990 

185.075 

29 

6.360 

25.038 

54.842 

91^.873 

139.647 

189.245 

30 

6.583 

25.882 

56.583 

96.593  ^ 

^    143.185 

193.185 

31* 

6.805 

26.724 

58.309 

99.261 

146.603 

32 

7.027 

27.664 

60.019 

101.878 

149.898 

33 

7.250 

28.402 

61.714 

104.442 

153.068 

34 

7.473 

29.237 

63.392 

106.952 

156.110 

35 

7.696 

30.071 

65.053 

109.406 

159.023 

36 

7.919 

30.902 

66.698 

111  .803 

161.803 

37 

8.143 

31.730 

68.325 

114.143 

38 

8.367 

'32.557 

69.933 

11G.424 

39 

8.592 

33.381 

71.524 

118.645 

40 

8.816 

34.202 

73.095 

120.805 

410 

9.041 

85.021 

74.647 

122.902 

43 

9.267 

35.837 

76.180 

124.937 

'43 

9.493 

36.650 

77.093 

126.909 

44 

9.719 

37.401 

79.185 

128.815 

45 

9.946 

38.2(i8 

80.656 

130.656 

4G 

10.173 

39.073 

82.107 

47 

10.400 

39.875 

83.535 

i 

48 

10.628 

40.674 

84.942 

49 

10.856 

41.469 

86.327 

50* 

11.085 

42.262 

87.689 
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TABLE  Vm. -MIDDLE  ORDINATES. 


Degree 

of 
Curvo. 

1 

se 

8 

4 

Station. 

stations. 

Stations. 

Stations. 

0«  IC 

.086 

.145 

.327 

.582 

20 

.078 

.291 

.654 

1.164 

SO 

.109 

.436 

.982 

1.745 

40 

.145 

.582 

1.309 

2.327 

60 

.182 

.727 

1.636 

2.909 

1 

.218 

.873 

1.963 

3.490 

10 

.256 

1.018 

2.291 

4.072 

ao 

.291 

1.164 

2.618 

4.654 

ao 

.327 

1.309 

2.945 

6.235 

40 

.3&1 

1.454 

3.2ra 

6.816 

60 

.400 

1.600 

3.599 

6.398 

2 

.436 

1.745 

3.926 

6.979 

10 

.473 

1.891 

4.253 

7.560 

20 

.509 

2.086 

4.580 

8.141 

30 

.545 

2.181 

4.907 

8.722 

40 

.582 

2.327 

5.234 

9.303 

50 

.618 

2.472 

6.561 

9.883 

3 

.661 

2.618 

6.888 

10.464 

10 

.691 

2.763 

6.215 

11.044 

20 

.m 

2.908 

6.542 

11.624 

30 

.763 

3.0&1 

6.868 

12.204 

40 

.800 

3.199 

7.195 

12.784 

50 

.836 

3.345 

7.522 

13.363 

4 

.872 

3.490 

7.848 

13.943 

10 

.909 

3.635 

8.175 

14.522 

20 

.945 

8.781 

8.501 

15.101 

30 

.982 

3.926 

8.828 

15.680 

40 

1.018 

4.071 

9.154 

16.268 

50 

1.054 

4.217 

9.480 

16.887  . 

5 

1.091 

4.362 

9.807 

17.416 

10 

1.127 

4.507 

10.133 

17.992 

20 

1.164 

4.653 

10.459 

18.570 

30 

1.200 

4.798 

10.786 

19.147 

40 

1.237 

4.943 

11.111 

19.724 

50 

1.273 

5.068 

11.436 

20.301 

6 

1.309 

6.234 

11.762 

20.877 

10 

1.346 

6.379 

12.088 

21.453 

20 

1.382 

6.524 

12.413 

22.029 

80 

1.418 

6.669 

12.739 

22.604 

40 

1.455 

6.814 

13.064 

23.179 

50 

1.491 

6.960 

13.389 

23.764 

7 

1.528 

6.105 

13.715 

24.328 

10 

1.564 

6.250 

14.040 

24.902 

20 

1.600 

6.395 

14.365 

25.476 

30 

1.637 

6.540 

14.689 

26.049 

40 

1.673 

6.685 

15.014 

26.622 

50 

1.710 

6.831 

15.339 

27.195 

8 

1.746 

6.976 

15.663 

27.767 

10 

1.769 

7.121 

15.988 

28.838 

20 

1.819 

7.266 

16.312 

28.910 

30 

1.855 

7.411 

16.636 

29.481 

40 

1.892 

7.556 

16.960 

30.051 

50 

1.928 

7.701 

17.284 

30.621 

9 

1.965 

7.846 

17.608 

81.190 

10 

2.001 

7.991 

17.932 

81.759 

20 

2.087 

8.136 

18.255 

82.328 

30 

2.074 

8.281 

18.578 

32.896 

40 

2.110 

8.426 

18.902 

33.464 

50 

2.147 

8.571 

19.225 

34.031 

10 

2.183 

8.716 

19.548 

84.697 

5 

Stations. 


.909 
1.818 
2.727 
8.636 
4.545 
6.453 
6.862 
7.270 
8.179 
9.087 
9.994 

10.902 
11.809 
12.716 
13.623 
14.529 
15.435 
16.341 
17.246 
18.151 
19.055 
19.959 
20.863 

21.766 
22.668 
23.570 
24.471 
25.3?^ 
26.272 
27.171 
28.070 
28.968 
29.866 
80.762 
31.656 

82.553 
33.448 
34.341 
85.234 
86.126 
87.017 
87.907 
88.796 
89.684 
40.671 
41.458 
42.848 

48.227 
44.110 
44.992 
45.878 
46.753 
47.682 
48.510 
49.386 
50.261 
51.ia5 
62.006 
62.880 
63.750 


6 

Stations. 


1.809 

2.618 

3.926 

5.235 

6.544 

7.852 

9.160 

10.468 

11.775 

13.082 

14.389 

15.694 
17.000 
18.304 
19.608 
20.912 
22.214 
23.516 
24.817 
26.117 
27.416 
28.714 
30.012 

31.308 
82.603 
83.896 
36.189 
86.480 
87.770 
39.069 
40.346 
41.631 
42.916 
44.196 
45.479 

46.759 
48.037 
49.313 
60.587 
51.860 
63.180 
54.399 
55.666 
56.931 
58.193 
50.454 
60.712 

61.969 
63.223 
64.475 
65.7W 
66.972 
68.216 
69.459 
70.699 
71.936 
73.171 
74  403 
75.632 
76.850 
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TABLE  vni.— MIDDLE  ORDINATES. 


Degree 

of 
Curve. 

7 

8 

9 

lo 

11 

12 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

0«  10' 

1.782 

2.827 

2.945 

3.636 

4.400 

5.236 

20 

8.568 

4.654 

5.890 

7.272 

8.799 

10.471 

ao 

6.S45 

6.981 

8.885 

10.907 

13.197 

15.704 

40 

7.126 

9.807 

11.778 

14.&10 

17.593 

20.936 

60 

8.907 

11.632 

14.721 

18.173 

21.987 

26.161 

1 

10.687 

18.957 

17.663 

21.803 

26.378 

31.888 

10 

12.467 

16.281 

20.603 

25.431 

30.766 

86.60r 

ao 

14.246 

18.604 

23.541 

29.057 

35.160 

41.821 

ao 

16.024 

20.925 

26.477 

82.679 

89.580 

47.028 

40 

17.802 

23.246 

29.411 

86.298 

48.905 

52.229 

60 

19.579 

25.564 

82.343 

89.914 

48.274 

67.422 

^ 

21.865 

27.881 

85.272 

48.525 

62.637 

62.606 

10 

23.180 

80.197 

38.198 

47.181 

56.993 

67.780 

20 

24.908 

82.510 

41.121 

60.783 

61.348 

72.945 

dO 

26.676 

84.821 

44.040 

M.SSO 

65.684 

78.098 

40 

28.447 

37.130 

46.956 

67.921 

70.018 

83.240 

50 

30.216 

89.436 

49.868 

61.506 

74.842 

88.870 

3 

81.984 

41.740 

62.776 

66.064 

78.657 

98.486 

10 

88.751 

44.041 

55.679 

68.656 

82.963 

98.588 

20 

85.516 

46.339 

58.577 

72.221 

87.258 

103.675 

90 

87.279 

48.634 

61.471 

75.7re 

91.542 

108.747 

40 

89.040 

50.926 

64.360 

79.328 

95.814 

113.803 

60 

40.800 

63.215 

67.243 

82.869 

100.075 

118.841 

4: 

42.557 

55.500 

70.121 

86.402 

104.323 

123.862 

10 

44.812 

67.781 

72.992 

89.925 

106.558 

128.864 

20 

46.065 

60.059 

75.858 

93.440 

112.779 

133.847 

ao 

47.816 

62.333 

78.717 

96.945 

116.986 

138.810 

40 

49.564 

64.602 

81.570 

100.439 

121.178 

148.753 

60 

51.810 

66.868 

84.416 

103.924 

125.356 

148.674 

6 

53.053 

69.129 

87.255 

107.897 

129.517 

153.578 

10 

54.794 

71.386 

90.087 

110.860 

133.668 

158.448 

20 

56.532 

73.638 

92.911 

114.811 

137.791 

163.300 

30 

58.267 

75.885 

95.728 

117.751 

141.903 

168.128 

40 

59.999 

78.127 

98.536 

121.178 

145.997 

172.931 

60 

ei.72d 

80.364 

101.337 

124.593 

150.072 

177.708 

6 

63.456 

82.596 

104.129 

127.995 

154.129 

182.459 

10 

65.178 

84.822 

106.912 

131.884 

158.166 

187.182 

20 

66.898 

87.043 

109.686 

134.759 

162.184 

191.878 

80 

68.615 

89.258 

112.452 

138.120 

166.182 

196.545 

40 

70.328 

91.468 

115.208 

141.468 

170.159 

201.183 

60 

72.087 

93.671 

117.964 

144.800 

174.114 

205.792 

7 

73.744 

95.868 

120.691 

148.118 

178.048 

210.370 

10 

V5.446 

98.059 

123.417 

151.421 

181.960 

214.916 

20 

77.145 

100.244 

126.131 

.1M.708 

185.850 

219.431 

ao 

V8.840 

102.422 

128.840 

157.979 

189.716 

223.914 

40 

80.531 

104.594 

131.536 

161.234 

193.559 

228.363 

60 

82.218 

106.758 

134.219 

164.473 

197.877 

232.779 

8 

83.901 

108.916 

136.893 

167.695 

201.171 

237.160 

10 

85.580 

111.067 

139.555 

170.899 

204.941 

241.507 

20 

87.^4 

113.210 

142.205 

174.066 

206.685 

245.818 

ao 

88.924 

115.346 

144.844 

177.255 

212.403 

250.093 

40 

90.690 

117.475 

147.470 

180.407 

216.095 

254.331 

60 

92.252 

119.596 

150.085 

183.539 

219.760 

258.531 

9 

93.909 

121.709 

152.687 

186.653 

223.398 

262.694 

10 

95.561 

123.814 

155.277 

189.748 

227.008 

266.818 

20 

97.208 

125.911 

157.854 

192.824 

230.591 

270.904 

30 

98.851 

128.000 

160.417 

195.880 

234.145 

274.949 

40 

100.489 

130.081 

162.968 

196.916 

237.670 

278.955 

50 

102.122 

132.153 

165.505 

201.932 

241.167 

282.919 

10 

108.750 

134.217 

168.029 

204.^)28 

244.633 

286.843 
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TABLE  VIII.-MIDDLE  ORDINATES. 


Degree 

of 
Curre. 

1 

9 

3 

4 

5 

6 

StaUod. 

Stations. 

Stations. 

Stations. 

Stations. 

Stations. 

l(y  10' 

S.219 

8.860 

19.870 

85.164 

64.619 

78.063 

20 

2.256 

9.005 

20.198 

86.729 

65.486 

79.805 

30 

2.293 

9.150 

20.516 

86.294 

66.368 

80.628 

40 

2.329 

9.295 

20.888 

86.859 

67.218 

81.7^9 

50 

2.365 

9.440 

21.160 

37.423 

68.081 

82.851 

11 

2.402 

9.585 

.21.483 

87.986 

68.943 

84.161 

10 

2.438 

9.729 

21.804 

38.549 

69.804 

85.868 

20 

2.475 

9.874 

22.126 

89.111 

60.663 

86.571 

30 

2.511 

10.019 

22.448 

89.673 

61.621 

87.772 

40 

2.547 

10.164 

22.769 

40.284 

62.377 

88.969 

50 

2.584 

10.306 

23.090 

40.795 

63.282 

90.164 

12 

2.620 

10.453 

28.412 

41  .«W 

64.086 

91.355 

10 

2.657 

10.597 

23.782 

41.914 

64.987 

93.542 

20 

2.693 

10.742 

24.053 

42.473 

66.787 

83. 727 

30 

2.730 

10.887 

24.374 

48.081 

66.686 

94.908 

40 

2.766 

11.031 

24.694 

43.588 

67.482 

96.066 

50 

2.803 

11.176 

25.014 

44.145 

68.828 

97.260 

13 

2.839 

11.320 

25.834 

44.701 

69.171 

96.431 

10 

2.876 

11.465 

25.654 

45.256 

70.018 

99.698 

20 

2.912 

11.609 

25.974 

45.811 

70.864 

100.762 

80 

2.949 

11.754 

26.293 

46.365 

71.692 

101.922 

40 

2.985 

11.898 

26.612 

46.919 

72.529 

108.079 

50 

3.022 

12.043 

26.931 

47.472 

78.364 

104.282 

14 

3.058 

12.187 

27.250 

48.024 

74.197 

105.881 

10 

3.095 

12.331 

27.569 

48.575 

76.029 

106.527 

20 

3.131 

12.476 

27.887 

49.126 

76.869 

107.669 

30 

3.168 

12.620 

28.206 

49.676 

76.687 

106.807 

40 

3.204 

12.764 

28.524 

50.225 

77.518 

109.941 

50 

3.^1 

12.908 

28.841 

60.778 

78.387 

111.071 

15 

3.277 

13.053 

29.159 

61.321 

79.159 

112.197 

10 

3.314 

13.197 

29.476 

61.868 

79.979 

113.819 

20 

3.a50 

13.341 

29.794 

52.414 

80.798 

114.438 

30 

3.387 

13.485 

30.111 

52.959 

81.614 

115.552 

40 

3.423 

13.629 

30.427 

63.504 

82.429 

116.662 

50 

3.460 

13.778 

30.744 

64.048 

88.241 

117.768 

16 

3.496 

13.917 

81.060 

64.691 

84.062 

;*18.870 

10 

s.nas 

14.061 

31.376 

65.188 

84.861 

119.967 

20 

3.569 

14.205 

31.692 

65.676 

86.667 

121.061 

30 

3.606 

14.349 

32.008 

66.216 

86.471 

122.160 

40 

3.643 

14.493 

32.323 

66.766 

87.274 

123.235 

50 

3.679 

14.637 

32.638 

67.294 

88.074 

124.815 

17 

3.716 

14.781 

82.953 

67.832 

88.872 

125.391 

10 

3.752 

14.925 

38.267 

68.869 

89.668 

126.463 

20 

3.789 

15.069 

33.582 

68.906 

90.462 

127.580 

30 

3.825 

15.212 

33.896 

69.441 

91.254 

128.583 

40 

3.862 

15.356 

34.210 

69.976 

92.048 

129.651 

50 

C.899 

15.500 

34.528 

60.510 

92.830 

180.704 

18 

3.935 

15.643 

34.837 

61.042 

96.616 

181.753 

10 

3.972 

15.787 

35.150 

61.574 

94.396 

l&i.T97 

20 

4.008 

15.931 

35.468 

62.106 

96.179 

188.887 

30 

4.045 

16.074 

35.775 

62.636 

96.957 

184.672 

40 

4.081 

16  218 

36.088 

63.165 

96.738 

186.902 

50 

4.118 

16.301 

36.400 

63.698 

97.506 

186.928 

19 

4.155 

16.505 

36.712 

64.221 

98  278 

187.948 

10 

4.191 

16.648 

37.028 

64.747 

99.047 

188.964 

20 

4.228 

16.792 

87.334 

65.273 

90.813 

189.975 

30 

4.265 

16  935 

37.645 

66.797 

100.577 

140.961 

40 

4.301 

17.078 

37.956 

66.321 

101.339 

141.962 

50 

4.a38 

17.222 

38.266 

66.843 

102.098 

142.978 

20 

4.374 

17.865 

38.576 

67.365 

102.856 

148.969 
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TABLE  IX.— LINEAR  DEFLECTION  TABLE. 


Deflec- 
tion. 


6 


8 
9 

10 


11 
13 
13 
li 

15 
16 
17 
18 
19 

20 
21 
22 
23 
2i 

25 
26 
27 
28 
29 
30 


ay 

o 

30 

ao 

30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 


30 
30 
30 
30 


30 


100. 


0.87 
1.75 
2.62 
3.49 
4.36 
5.24 
6.11 
6.96 
7.85 

8.73 
9.60 
10.47 
11. 31 
12.21 
13.08 
13.95 
14.82 
15.69 
16.56 

17.43 
18.30 
19.17 
20.04 
20.91 
21.77 
22.64 
23.51 
24.87 
25.24 

26.11 
26.97 
27.83 
28.70 
29.56 
30.42 


81 
32. 


29 
15 


33.01 
33.87 

34.73 
35.59 
36.45 
37.80 
38.16 
39.02 
39.87 
40.73 
41.58 
42.41 

43.29 
44.14 
44.99 
45.84 
46.69 
47.54 
48.38 
49.23 
50.06 
60,92 
51.76 


200. 


300. 


1.75 

3.49 

5.24 

6.98 

8.72 

10.47 

12.22 

13.96 

15.70 

17.46 
19.19 
20.93 
22.68 
24.42 
26.16 
27.90 
29.64 
31.38 
33.12 

34.86 
36.60 
38.34 
40.06 
41.81 
43.55 
46.28 
47.01 
48.75 
50.48 

52.21 
53.94 
56.67 
57.40 
59.12 
60.  a5 
62.57 
64.30 
66.02 
67.74 


2.62 
5.24 
7.85 
10.47 
13.09 
15.71 
18.32 
20.04 
23.56 

26.17 
28.79 
31.40 
34.02 
86.63 
39.24 
41.85 
44.47 
47.08 
49.68 

52.29 
54.90 
57.51 
60.11 
62.72 
65.32 
67.92 
70.52 
73.12 
75.72 

78.32 
80.91 
83.50 
86.10 
83.69 
91.27 
93.86 
93.45 
99.03 
101.61 


400. 


500. 


69.46  104 
71.18  106 
72.89  109 
74.61 
76.32 
78.04 


3.49 
6.98 
10. 47 J 
13.96 
17.45 
20. 9i 
24.4;] 
27'.  92 
31.41 

34.89 
38. ai 
41.87 
45.35 
48.84 
52.32 
55.80 
59.29 

62. rr 

66.25 

69.72 
73.20 
76.68 
80.15 
83.62 
87.09 
90.56 
94.03 
97.50 
100.96 


79.75 
81.46 
83.16 
84.87 


111 
114 
117 
119 
122 
124 
127 


19 

,77 

34 

91 1 

49; 

051 

63 

19 

75: 

31 


129 
132 
134 
137 
140 


86.58 

88.28 

89.98 

91.68 

93.38 

95.07:142. 

96.7711-45. 

98.46  147. 
100.15 1 150. 
101.84  152. 
103.53il55. 


104.42 
107.88 
111.34 
114.79 
118.25 
121.70 
125.15 
128.59 
132.04 
135.48 

138.92 
142.35 
145.79 
149.22 
152.65 
156.07 
159.49 
162.91 
166.33 
169.74 


86  173.15 
42|  176.56 
97  179.96 
521183.86 
07,186.76 
611100.15 
15  193.54 
69;  196.92 
23 1  200.30 
76  203.68 
291207.06 


4  36 
8.73 
13.09 
17.45 
21.81 
26.18 
30.64 
34.90 
39.26 

43.02 

47.98 
62.34 
56.67 
61.05 
65.40 
69.76 
74.11 
78.40 
82.81 

87.16 
91.50 
95.85 
100.19 
104.513 
108.87 
113.20 
117.64 
121.87 
126.20 


600. 


130.63 
134.85 
139.17 
143.49 
147.81 
152.12 
156.43 
160.74 
165.05 
169.35 

173.65 
177.94 
182.^ 
186.52 
190.81 
195.09 
199.37 
203.64 
207.91 
212.18 

216.44 
220.70 
224.95 
229.20 
233.45 
237.69 
241.92 
246.15 
250.38 
254.60 
258.82 


5.24 
10.47 
15.71 
20.94 
26.18 
31.41 
36.65 
41.88 
47.11 

62.34 

57.57 
62.80 
68.03 
73.26 

78.48 

as.  71 
88.93 

94.15 
99.37 

104.59 
109.80 
115.01 
120.23 
125.43 
130.64 
135.84 
141.04 
146.24 
151.44 

156.63 
161.82 
167.01 
1?2.19 
177.37 
182.55 
187.7^2 
192.89 
198.06 
203.22 

206.38 
213.63 
218.68 
223.83 
228.97 
234.11 
239.24 
244.37 
249.49 
264.61 

259.73 
264.84 
269.94 
275.04 
280.14 
285.22 
290.31 
295.38 
300.46 
3(J5.52 
310.59 


700. 


800. 


6.11 
12.22 
18.3:3 
24.43 
80.64 
3G.65 
42.75 
48.86 
64.96 

61.07 

67.17 

73.27 

79.37 

85.47 

91.56 

97.66 

103.75 

109.84 

115.93 

122.02 
128.10 
1*4.18 
140.26 
146.  ai 
152.41 
158.48 
164.55 
170.02 
176.68 

182.74 
188.79 
1W.84 
200.89 
206.93 
212.97 
219.01 
225.04 
231.07 
237.09 

243.11 
249.12 
255.13 
261.13 
267.13 
273.13 
279.12 
2K5.10 
291.08 
297.05 

303.02 
308.98 
314.93 
320.88 
326.82 
332.76 
338.69 
344.62 
a50.63 
a56.44 
362.36 


6.98 
13.96 
20.94 
27.92 
34.90 
41.88 
48.86 
65.84 
62.82 

69.79 

76.76 

83.74 

90.71 

97.08 

104.64 

111.61 

118.57 

125.53 

13^.49 

139.45 
146.40 
163.35 
160.30 
167.25 
174.19 
181.13 
188.00 
194.99 
201.92 

208.84 
215.76 
222.68 
229.59 
236.50 
243.40 
250.30 
257.19 
264.08 
270.96 

277.84 
284.71 
291.58 
298.44 
305.29 
312.14 
318.99 
325.83 
332.66 
339.48 

364.30 
353.12 
359.92 
366.72 
373.51 
380.30 
387.06 
393.85 
400.16 
407.  :36 
414.11 


900. 


1000. 


7.a5 
16.71' 
23.66 
31.41 
39.27 
47.12 
64.97 
66.82 
70.67 

78.51 
86.36 
O4.*20 
102.05 
109.89 
117.73 
125.56 
133.40 
141.2:3 
149.05 

156.88 
164.70 
172.52 
180.34 
188.15 
195.96 
2a3.77 
211.57 
219.36 
227.I61 


234.95 
242.73 

250.51 
258.29 
266.06 
273.82 
281.58 
289.34 
297.08 
304.83 

312.57 
320.30 
328.02 
3a5.74 
343.46 
a'31.16 
358.86 
366.56 
374.24 
881.92 


8.73 
17, 4.'; 
26.18 
34.90 
43.63 
52.  a5 
61.08 
69.80 
78.52 

87.24 
95.96 
104.67 
113.39 
122.10 
130.81 
139.51 
148.22 
156.92 
165.62 

174.31 
183.00 
191.69 
200.38 
209.06 
217.73 
226.41 
2a5.07 
243.74 
252.40 

261.05 

289.70 

278.35 

286.99 

295.62 

1304.25 

,312.87 

1 321 .49 

,330.09 

838.70 

'347.30 

355.89 

'364.47 

1373.05 

381.62 

390.18 

;  398.74 

1407.28 

415.82 

424.36 


389.591 
397.26, 
404.91' 
412.56, 
420.20' 

427. as, 

4:35.46 
443.08 
450.08 
458.28 
4&y.S7\ 


432.88 
441.39 
449.90 
458.40 
460.89 
475.37 
4aS.84 
492.31 
500.76 
509.20 
517.6^ 
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TABLE  X.— COEFFICIENTS  FOR  VALVOID  ARCS. 


L— Ratio  op  u  = 


L 

lOo 

300 

.3518 

400 

.a437 

500 

.aioo 

600 

.3379 

700 

.3367 

800 

.3369 

900 

.3353 

1000 

.3350 

laoo 

.3345 

1500 

.3340 

2000 

.3337 

ao*» 

ao^ 

40° 

50° 

60° 

70° 

8C° 

90° 

100° 

110« 

:20'' 

'.a516'.3514 

.a510 

.3506'.a'j00  .a493 

.a485 

.3476 

.3466 

.3455 

.3444 

.3436  .a433 

.»430 

.8426  .34211.^15 

.3408 

.3399 

.3890 

.a«o 

.3368 

.3396  .3396 

3393 

,3389 

.3383 

.3379 

.3372 

.3364 

.3356 

.3345 

3335 

3378 

.8376 

.3373 

.3369 

.3365 

.3359 

3358 

.8845 

.3337 

.3327 

.3317 

.3366 

.33&1 

.3361 

.3a)7 

.a353 

.3347 

.8341 

.3384 

.3326 

.3316 

.3306 

.3358 

3356 

3a'>3 

.3349 

.3345 

.3340 

.3333 

.3326 

.3318 

.3309 

3299 

.3352 

.3350 

.3*48 

.3*44 

.3340 

.3334 

.3328 

.3321 

.3313 

.8304 

.3294 

.3ai8 

.3346 

.3»44 

.a*40 

.3336 

.3331 

.33^4 

.3317 

.3310 

.a%i 

.3291 

.3343 

.3341 

.3339 

.3336 

.3331 

.3326 

.3320 

.3313 

.3305 

.3296 

.3286 

3aH9 

3337 

,S335 

.3331 

.3327 

.3322 

.3316 

.3809 

.8801 

.82C2 

.3283 

.33:36 

.aS33 

.3381 

.3328 

.3324 

.3319 

.3313 

.3306 

.3298 

.8289 

.3280 

n.— Ratio  of  v  =  —' 

Li 


L 

10<» 

20° 

30° 

40° 

50° 
.7518 

60° 

70° 

80° 

90« 
.7090 

100° 

11^ 
.67^5 

-20° 

300 

.7706 

.76a3  .7643 

.7588 

.7432  .7332;. 7218 

.6949 

6630 

400 

.7611  .7588  .7549 

.7495 

.7425 

.7341  .72481.7130 

.7004 

.6865 

.6714 

6551 

500 

.75eS'. 7545  .7506 

.7452 

.7384 

.7300  .7202  .7091 

.6966' 6828 

.6678 

6516 

600 

.7545. 7522  .7483 

.7430  .7361 

.7278  .7181.' .7070 

.69461.6806 

.6659 

&498 

700 

.7531 1.7508  .7469 

.7416 

.7*48 

.72651.7168  .7057 

.6033  .6797 

.6648 

6487 

800 

.7522  .7499  .7461 

.7407 

.7339 

.7257  .7160 1. 7049 

.6926 

.6789 

.6640 

.ft480 

900 

.75161.7492  .7454 

.7401 

.73;i3  .^51 1.7154  .7044 

.6920 

.6784 

6685 

.64^ 

1000 

.75121.7489  .7450 

.7397  .7329 

.7247  .71501.7040 

.6917 

.6780 

.663S 

.647:> 

1200. 

.75051.7483  .7444 

.7391 

.7324 

.7241  .71451.70*5 

.6912 

.6775 

.6627 

.6468 

1500 

.7501!. 7478 '.7440 

.7387 

.7319 

.7237  .7141  .7031 

.6908 

.6772 

.6624 

.&464 

2000 

. 7497 |. 7474  .7436 

.7883 

.7316 

.72*4  .7137  .7028 

.6904 

.6769 

.6621 

.&461 

in.— Ratio  of  I,  = 


I 


=  Length  op  Valvoid  Aro  corbbspokding 


A'  -A' 

TO  A  Chanob  of  One  Degree  in  the  Angle  a. 


10« 


300 

400 

500 

600 

700 

800 

900 

1000 

1100 

120.) 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 


20« 


2.62 

3.49 

4.36 

5.23 

6.10 

6.97 

7.85 

8.72 

9.59 
10.46110 
11.88  11 
12.21  12 
13.08  13 
13.  a5  13 
14.82 
15.69 
16.57 
17.44 


14 
15 
16 
17 


61 
48 
85 
22 
09 
95 
82 
69 
56 
43 


30° 


2.60 
8.46 
4.33 
5.19 
6.06 
6.92 
7.79 
8.65 
9.62 
10.38 
.30;11.25 
.17  18.11 
.0412. 98 
.91,13.84 
.78  14.71 
.6515.57 
.52  16.44 
.39,17.30 
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40« 


50« 


2.59 

8.44 

4.30 

5.16 

6.02 

6.87 

7.73; 

8.59  i 

9.45i 
10.31 i  10 
11.17  11 
12.03 
12.89 


13.75 
14.61 
15.47 
16.83 
17.19 


11, 
12 
13 
14 
15 
16 
17 


57 
42 
26 
11 
96 
82 
67 
52 
37 
22 
07 
93 
78 
63 
48 
*3 
19 
04 


60° 


2. 
3 

4. 

5, 

5. 

6. 

7. 

8. 

9. 
10. 
10. 
11. 
12. 
13. 
14, 
15, 
16 
16. 


55 
88 
22 
06 
90 
74 
59 
43 
27 
11 


70° 


2 
8 
4 
4 
5 
6 
7, 
8, 
9 
9 


96  10 
80111 
64112 
49113 
33'l4 


52 
35 
17 
99 
83 
66 
49 
32 
16 
99 
82 


80° 


2 
3 
4 
4 
5 
6 
7 
8 
9 
9 
10 


17 
01 


14 
15 


86il6 


65111 
48ll2 
32  13 
15;  13 
98  14 
81' 15 
65:i6 


.49 
,30 
11 
.92 
74 
56 
38 
20 
.02 
84 
66 


90*= 


2.46 
3.25 
4.05 
4.84 
5.65 
6.45 
7.26 
8.07 
8.87 
9.68 
10.49 
48111.29 
.30!12.10 
.12  12.91 
.94  13.71 
.76  14.52 
.58  15.33 
.40  16.13 


100° 


2.42 

8.20 

3.98 

4.75 

5.54 

6.33 

7.13 

7.92 

8.71 

9.50 

10.29  i 

11.08 

11.88 

12.67 

13.46 

14.25 

15.04 

16.83 


110»     130» 


2.381 
3.14] 
3.90 
4.65 
5.43' 
6.20I 
6.96' 
7.75 
8.63 
9.81 
10.08 
10.86 
11.63 
12.41 
13.18 
13.96 
14.78 
15.51 


2.34 
3.08 
3.81 
4.55 
5.31 
6.06 
6.82 
7.58 

s.ai 

9.09 
9.85 
10.61 
11.37 
12.13 
12.88 
13.64 
14.40 
15.16 


TABLE  XI.— TURNOUTS    AND   SWITCHES    FROM   A   STRAIGHT 

TRACK,    §§180,  181,  182. 


Gauge,  4  Febt  8J^  Inches  =  4.708.    Throw,  5  Inches  =  0.417. 


No. 
n. 


4 

i     5H 

I     7 

I     ^ 
I     fi 

20. 

K^ 
11 

n^ 

12 


Angle 


14«>  15'  00" 
12  40  49 
11  25  16 
10  23  20 
9  31  39 
8  4T  51 
K-10-44 
7  37  41 
7.09  JA. 
6  43  59 
4^  31  -35- 
6  01  32 
5  43  29 
5  27  09 
5  12  18 
4  68  45 
4  46  19 


Diet. 
BF. 


87.664 
42.372 

47.080 
51.788 
56.496 
61.204 
65.912 
70.620 
75.328 
80.036 
84.744 
89.452 
94.160 
98.868 
103.576 
108.284 
112.992 


Chord 
af. 


37.373 
42.113 
46.846 
51.575 
56.301 
61.024 
65.744 
70.464 
75.181 
79.898 
84.613 
89  328 
94.043 
&-3.756 
103.469 
108.182 
112.894 


Switch 
AD. 


11.209 
12.610 
14.012 
15.413 
16.814 
18.215 
19.616 
■21.017 
22.418 
23.820 
25.221 
26.622 
28.023 
29.424 
30.825 
32.227 
33.628 


Radius 
r. 


150.656 

190.674 

235.400 

284.834 

338.976 

397.826 

461.384 

529.660 

602.61^ 

680.306 

762.696 

849.794 

941.600 

1038.114 

1139.336 

1245.266 

1355.904 


Log'thm. 
log.  r. 


2.177986 

2.280292 

2^1806 

2.454592 

2.530169 

2.699693 

2.664063 

2.723989 

2.780046 

2.832704 

2.882352 

2.92^14 

2.973866 

3.016245  . 

3.056652 

3.095262 

3.132229 


Degree 
6t  Curve. 


88*' 45' 57" 

30  24  09 

24  31  36 

20  13  13 

16  57  52 

14  26  25 

12  26  34 

10  50  02 

9  31  07 

8  25  47 

7  31  04 

6  44  46 

6  05  16 

31   17 


50 
06 
13  36 


Gauoe,  3  Feet.    Throw,  4  Inches  =  0.333. 


No. 
n. 


4 

D 

5^ 
6 

6^ 

7  • 

r^ 

8 

»H 

9 

^H 

10 

11 

12 


Angle 
F. 


Iloi5'00" 

12  40  49 

11  25  16 

10  23  20 

9  81  39 

8  47  51 

8  10  16 

87  41 

09  10 

43  59 

6  21  35 

6  01  32 

5  43  29 

27  09 

12  18 

58  45 

46  19 


7 
7 
6 


5 
5 
4 
4 


Dist. 

Chord 

Switch 

BF. 

af. 

AD. 

24 

23.815 

8 

27 

26.885 

9 

30 

29.851 

10 

as 

32.865 

11 

36 

35.876 

12 

39 

38.885 

13 

42 

41.893 

14 

45 

44.900 

15 

48 

47.906 

16 

51 

50.912 

17 

54 

53.917 

18 

57 

56.921 

19 

60 

59.925 

20 

63 

62.929 

21 

66 

65.932 

22 

69 

68.985 

23 

72 

71.938 

24 

Radius 
r. 


96.0 
121.5 
150.0 
181.5 
216.0 
253.5 
294.0 
337.5 
384.0 
433.5 
486.0 
541.5 
600.0 
661.5 
726.0 
793.5 
864.0 


Log'thm. 
log.  r. 


1.982271 
2.084576 
2.176091 
2.258877 
2.334454 
2.408978 
2.468347 
2.528274 
2.584a31 
2.636989 
2.686636 
2.733598 
2.778151 
2.82a530 
2.860937 
2.899547 
2.936514 


Degree 
of  Curve. 


62<'46'a4' 

48  36  04 

38  56  33 

31  58  55 

26  46  07 

22  45  04 

19  35  01 

17  02  21 

14  57  48 

13  14  47 

48  87 

85  46 


11 

10 


9  33  38 

8  40  12 

7  53  M 

7  13  82 

6  88  06 


Angle  and  Distance  op  Middle  Frog,  F' 


No. 

No. 

n. 

»". 

4 

2.817 

4% 

3.172 

5 

3.527 

5% 

8.881 

6 

4.235 

6% 

4.589 

1 

4.948 

7% 

5.297 

8 

5.651 

Angle 
F\ 


20°  07' 36' 

17  54  52 

16  08  19 

14  40  58 

13  27  57 

12  26  07 

11  33  04 

10  47  02 

10  06  44 


Gauge 

4,8%. 
Dist. 
aF'. 

26.736 
30.054 
33  374 
36.695 
40.018 
43.842 
46.666 
49.991 
53.317 


Gauge 

3. 

Dist. 

aF'. 

17.037 
19.151 
21.266 
23.3^3 
25.500 
27.618 
29.736 
81.855 
83.974 


No. 
n. 


8 

8% 

9 

10 

1(^ 
11 

11^ 
12 


No. 
n'. 


5.651 
6.0a5 
6.859 
6.713 
7.067 
7.420 
7.774 
8.128 
8.482 


Gauge 

Angle 

4  8%. 

F\ 

Dist. 

aF'. 

10*>06'44* 

53.317 

9  31   08 

56.643 

8  59  80 

59.969 

8  31   10 

63.296 

8  05  40 

66.023 

7  42  35 

69.950 

7  21  36 

73.277 

7  02  26 

76.605 

6  44  51 

79.932 

Gauge 

3. 
Dist. 
aF'. 

33.974 
86.094 
38.213 
40.333 
42.453 
44.573 
46.693 
48.818 
50.9?' 
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TABLE  XU. -MIDDLE  ORDIXATES  FOR  CURVING  RAILS.     §199. 


D 

LSNOTH  OF  RAfI<-CHORD. 

D 

1«^ 

32 

30 

28 

26 

24    ! 
.013 

22 

20 

.009 

18 

16      14 

I 

12 

10 

1*» 

.022 

.020 

.017 

.015 

.011 

.007 

.006   .004   .008 

.002 

2 

.045 

.039 

.OM 

.030 

.025 

.021 

.017 

014  '.Oil  ;. 009  1.006 

.004!    2 

3 

.067 

.059 

.051 

.044 

.038 

.032 

.026 

.081    .017   .013  1 

.009 

.007 

3 

4 

.089 

.079 

.068 

.059 

.050 

.042 

.035 

.028 

.022   .017 

.013 

.009 

4 

5 

.112 

.098 

.086 

.074 

.063 

.053 

.044 

.035 

.028   .021    .016 

.011 

5 

(> 

.134 

.118 

.103 

.088 

.075 

.(m 

.058 

.042 

.o;34 

.026   .019 

.013 

6 

7 

.156 

.137 

.120 

.103 

.0,H8 

074 

-.061 

.049 

.039 

.030.022 

.015      7 

8 

.179 

.157 

.137 

.118 

.100 

.084 

.070 

.057    .045    .084    .025 

.017      8 

9 

.201 

.177 

.154 

133 

.113 

.095 

.078 

.064 

.050 

.038   .028 

.020      9 

10 

.22.3 

.196 

.171 

.147 

.126 

.105 

.087 

.071 

.056 

.043    Ml 

.OiSi  1  10 

11 

1   .^45 

.216 

.188 

.162 

.138 

.116 

.096 

.078 

.061 

.047    .035 

.034'  11 

12 

1   .268 

.235 

.205 

.177 

.151 

.127 

.105 

.085  1.067 

.051    .088 

.026  ;  12 

14 

1   .312 

.274 

.238 

.206 

.175 

.147 

.122 

.099  !.078 

.(60   .044 

.090-  14 

1« 

.356 

.313 

.273 

.235 

.200 

.168 

.139 

.113 

.089 

.068   .050 

.035'  16 

18 

'   .400 

.352 

.307 

.264 

.225 

.189 

156 

.127 

.100 

.077    .056 

.089  !  18 

20 

.445 

.391 

.340 

.293 

.250 

.210 

.174 

.  .141 

.111 

.085   .008 

.043    20 

24 

.531 

.467 

.407 

.351 

.299 

.251 

.207 

.168 

.las 

.102   .075 

.058    iM 

28 

.618 

.543 

.473 

.408 

.347 

.292 

.241 

.195 

.154 

.118 

.087 

.060    28 

32 

.705 

.619 

.539 

.465 

.396 

.333 

.275 

.223 

.176 

.135   .099 

.069    32 

36 

.791 

.696 

.606 

.522 

.445 

.373 

.309 

.250 

.197 

.151 

.111 

.077    36 

40 

1   .878 

.772 

.672 

.579 

.493 

.414 

.342 

.277 

.219 

.168 

.123 

.086    40 

45 

'   .983 

.863 

.752 

.648 

.552 

.463 

.383 

305 

.245 

.188 

.187 

.09(5    45 

50 

1.087 

.955 

.831 

.716 

.610 

.512 

.423 

.MS 

.271 

.207 

.158 

.106    50 

TABLE  Xin.- DIFFERENCE    IN    ELEVATION   OF   RAILS  ON 

CURVES     §201. 


D 


10 


1 

.006 

.013 

2 

.Oil 

.026 

3 

.017 

.039 

4 

.02^3 

.051 

5 

.029 

.064 

6 

084 

.077 

7 

040 

.090 

8 

.046 

.103 

9 

.051 

.116 

10 

057 

.129 

11 

.063 

.142 

12 

.069 

.154 

14 

.080 

.180 

16 

.091 

.206 

18 

.102 

.231 

20 

.114 

.256 

25 

.141 

.318 

30 

.168 

.880 

S6 

.195 

.441 

40 

.222 

.501 

.276 

.618 

15 


Velocity  in  Miles  per  Hour. 


20 

.023 
.046 
.069 
.091 
.114 
.137 
.160 

.las 

.206 
.228 
.251 
.274 
.319 
.365 
.410 
.455 
.563 
672 
.778 
.881 


25 


.03() 
.071 
.107 
.143 
.179 
.214 
.250 
.285 
.320 
.356 
.391 
.427 
.497 
567 
.637 


.844 


.051 
.103 
.154 
.206 
.257 
.308 
.359 
.410 
.460 
.511 
.561 
.611 
.711 
.809 
.906 


07   1.0O2 


30    I  35 


.070 
.140 
.210 
.280 
.849 
.418 
.487 
.556 
.6^ 
.692 
.760 
.82() 
.959 
1.088 


40 


45 


50 


60 


.091 

116 

.143 

.806 

.18:3 

.231 

.285 

.410 

.274 

.346 

.427 

.612 

.365 

.461 

.568 

.811 

.455 

574 

.707 

1.006 

.545 

.687 

.844 

1.196 

.684 

.798 

.979 

.723 

.  VRJo 

1.112 

.811 

1.017 

.898 

1.124 

.984 

1.069 

' 

■ 

1 

8 
3 
4 
5 
6 
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TABLE  XIV.-GRADES  AND  GRADE  ANGLEa 


Feet 

Feet 

Feet 

per 

Feet  per 

Inclina- 

per 
Sta- 

Feet per 

Inclina- 

, per 

Feet  per 

Inclin- 

Sta- 

Mile. 

tion. 

Mile. 

tion. 

'  Sta- 

Mile. 

ation. 

tion. 

tion. 

,  tion. 

o     /     • 

o     /     • 

1 

o     /      • 

.01 

.528 

21 

.61 

26.928 

17  32 

1.01 

53.328 

34  43 

.02 

1.066 

41 

.52 

27.456 

17  53 

1.02 

53.856 

35  04 

.03 

1.5W 

1  02 

.53 

27.984 

18  13 

1.03 

54.384 

85^ 

.04 

2.112 

1  23 

.54 

28.512 

18  34 

1.04 

54.912 

35  45 

.03 

2.^0 

1  43 

.65 

29.040 

18  54 

1.05 

55.440 

36  05 

.06 

3.168 

204 

.56 

29.568 

19  15 

1.06 

55.968 

86  26 

.07 

3.696 

224 

.57 

30.096 

19  36 

1.07 

56.496 

86  47 

.08 

4.224 

245 

.58 

80.624 

19  56 

1.08 

57.024 

37  08 

.09 

4.752 

306 

.59 

31.152 

20  17 

1.09 

57.562 

37  28 

.10 

5.280 

326 

.60 

31.680 

20  38 

1.10 

58.080 

37  49 

.11 

5.808 

8  47 

.61 

32.208 

20  58 

1.11 

58.608 

38  09 

.12 

6.386 

408 

.62 

32.736 

21  19 

1.12 

59.136 

38  80 

.13 

6.864 

4  28 

.63 

33.264 

21  39 

'  1.13 

59.664 

88  51 

.14 

7.392 

,4  49 

.64 

33.792 

22  00 

1.14 

60.192 

39  11 

.15 

.   7.920 

509 

.65 

34.320 

22  21 

1.15 

60.720 

39  32 

.10 

8.448 

530 

.66 

34.848    i 

22  41 

1.16 

61.248 

39  53 

.17 

8.976 

5  51 

.67 

35.376 

23  02 

1.17 

61.776 

40  13 

.18 

9.504 

6  11 

.68 

85.904 

23  23 

1.18 

62.304 

40  34 

.19 

10.032 

6  32 

.69 

86.432 

23  43 

1.19 

62.832 

40  54 

.20 

10.560 

6  53 

.70 

36.960 

24  04 

1.20 

63.360 

41  15 

.81 

11.088 

7  13 

.71 

37.488 

24  24 

1.21 

63.888 

41  85 

.82 

11.616 

7  34 

.72 

88.016 

2^4  45 

1.22 

64.4i6 

41  56 

.23 

12.144 

754 

.73 

88.544 

25  06 

1.23 

64.944 

42  17 

.a* 

12.672 

8  15 

.74 

89.072 

25  26 

1.24 

65.472 

42  :w 

.25 

13.200 

836 

.75 

89.600 

25  47 

1.25 

66.000 

42  58 

.26 

18.728 

856 

.76 

40.128 

26  08 

1.26 

C6.528 

43  19 

.27 

14.256 

9  17 

.77 

40.656 

26  28 

1.27 

67.056 

43  39 

■? 

14.784 

938 

.78 

41.184 

26  49 

1,28 

67. 5W 

41  W 

.'WffI 

15.312 

9  58 

.79 

41.712 

27  09 

1.29 

68.112 

44  21 

.30 

15.840 

10  19 

.80 

42.240 

27  30 

1.30 

68.640 

44  41 

.31 

16.368 

10  39 

.81 

42.768 

27  51 

1.31 

69.168 

45  0^ 

.32 

16.896 

11  00 

.82 

43.25)6 

28  11 

1.32 

69.096 

45  2) 

.33 

17.424 

11  21 

.83 

4:^.824 

28  32 

i.'m 

70.224 

45  43 

.34 

17.952 

11  41 

.84 

44.352 

28  53 

1.34 

70.752 

46  04 

.85 

18.480 

12  02 

.85 

44.880 

29  13 

1.35 

71.280 

46  24 

.36 

19.008 

12  23 

.86 

45.408 

29  34 

1.86 

71.808 

46  45 

.37 

19.536 

12  43 

.87 

45.93(3 

20  54 

1.37 

7'2.;«6 

47  «5 

.38 

20.064 

13  04 

.88 

46.464 

30  15 

1.38 

72.864 

47  £6 

.39 

20.592 

13  iM 

.89 

46.902 

30  36 

1.39 

73.392 

47  47 

.40 

21.120 

13  45 

.90 

47.520 

80  57 

1.40 

73.920 

48  08 

.41 

21.648 

14  06 

.91 

48.018 

81  17 

1.41 

74.448 

48  28 

.42 

22.176 

14  26 

.92 

48.576 

31  38 

1.42 

74.976 

48  49 

.43 

22.704 

14  a1 

.93 

49.104 

31  58     1 

1.43 

75.504 

49  09 

.44 

23.282 

15  08 

.94 

49.632 

32  19 

1.44 

76.082 

49  30 

.45 

23.760 

15  28 

.95 

50.160 

32  39 

1.45 

76  560 

49  51 

.46 

24.288 

15  49 

.96 

50.688 

33  00 

1.46 

77.088 

50  11 

.47 

24.816 

16  09 

.97 

51.216 

3:3  21 

1.47 

77.616 

50  32 

.48 

25.344 

16  30 

.98 

51.744 

3-J  41 

LIS 

78.144 

50  52 

.49 

25.872 

16  51 

M 

52.2r-i 

34  02 

,1.49 

78.67T3 

51  13 

.50 

26.400 

17  11 

1.00 

52.800 

3423 

1 

1.50 

70.200 

51  34 
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TABLE  XIV.— GRA.DES  ArfD  GRADE  ANdLES. 


Feet 

1 

Feet 

1 

Feet 

per 

Sta- 

Feet per 

Inclina- 

per 

Feet  per 

Inclina- 

per 
Sta- 

Feet per  f 

Inclina- 

M.ie.   , 

lioa. 

Sta- 

Mile. 

tion. 

Mile. 

tion. 

tion. 

1 

1 
1 

tion, 

1 
1 

tion. 

o    /    • 

o       /       ■ 

o     /     • 

1.51 

79.728 

51  54 

2.05 

108.340 

1  10  28 

5.40 

269.280 

2  55  10 

1.5a 

80.356  ' 

52  15 

2.10 

110.880  1 

1  13  11 

5.20 

274. 5€0 

3  58  36 

1.53 

80.784 

52  36 

3.15 

113.530 

1  13  54 

5.80 

279.840 

3  02  09 

1.54 

81.313 

52  56 

3.30 

116.160 

1  15  87 

5.40 

285.120 

3  05  27 

1.55 

81.840 

53  17 

2.25 

118.800 

1  17  20 

6.50 

290.400 

3  08  53 

1.56 

8a. 368 

53  37 

2.30 

121.440 

1  19  08 

6.60 

295.680 

3  12  19 

1.57 

83.896 

53  58 

'  2.35 

1^.080 

1  20  46 

5.70 

300.960 

3  15  44 

1.58 

83.424 

54  19 

2.40 

136.720  ' 

1  22  29 

5.80 

306.240  ! 

3  19  10 

1.59 

83.952 

54.39 

2.45 

129.360 

1  34  12 

5.90 

811.520  1 

322  36 

1.60 

84.480 

55  00 

2.50 

132.000 

1  35  56 

6.00 

316.800 

3  2G  01 

1.61 

a5.008 

56  21 

2.55 

134.640 

1  27  39 

6.10 

322.080 

3  29  27 

1.6a 

85.536 

66  41 

2.60 

137.280 

1  29  23 

6.20 

327.860 

3  32  52 

1.63 

86.064 

56  02 

2.65 

139.930 

1  31  05 

6.80 

332.  &10 

3  36  18 

1.64 

86.592 

66  22 

2.70 

142.560 

1  32  48 

6.40 

337.920 

3  39  43 

1.65 

87.120 

56  43 

2.75 

145. £00 

1  34  31  , 

6.50 

343.200 

3  43  08 

1.66 

87.648 

57  04 

2.80 

147.840 

1  86  14 

6.60 

348.480 

3  46  34 

1.67 

88.176 

57  24 

2.85 

150.480 

1  87  57 

6.70 

353.760 

3  49  59 

1.68 

88.704 

57  45 

2.90- 

153.130 

1  89  40  , 

6.80 

359.040 

3  53  24 

1.69 

89.232 

58  06 

2.95 

155.760 

1  41  23 

6.90 

£64.320 

3  56  50 

1.70 

89.760 

68  26 

3.00 

158.400 

1  43  C6 

7. CO 

369.600 

4  to  15 

1.71 

90.288 

58  47 

3.05 

161.040 

1  44  49  ' 

7.10 

374.880 

4  03  40 

1.7a 

9v).816 

59  07 

3.10 

163.680 

1  46  82 

7.20 

880.160 

4  07  06 

1.73 

91.344 

69  28 

3.15 

166.320 

1  48  15 

7.30 

885.440 

4  10  81 

1.74 

91.873 

59  49 

3.20 

168.960 

1  49  58  1 

7.40 

890.720 

4  13  56 

1.75 

93.400 

1  00  09 

3.25 

171.600 

1  51  41  ' 

7.50 

896.000 

4  17  21 

1.76 

93.928 

1  00  30  ; 

3.30 

174.240 

'  1  53  24 

7.60 

401.280 

4  20  46 

1.77 

98.456 

1  00  51  1 

3.35 

176.880 

1  55  07 

7.70 

406.560 

4  24  11 

i.W 

93.984 

1  01  11  1 

3.40 

179.520 

1  ro  50 

7.80 

411.840 

4  27  86 

1.79 

94.512 

1  01  32 

3.45 

183.160 

1  f.8  33 

7.90 

417.120 

4  31  01 

1.80 

95.040 

1  01  53  , 

3.50 

184.800 

2  CO  16 

8.00 

422.400 

4  84  26 

1.81 

95.568 

1  02  13 

3.55 

187.440 

2  01  59 

8.10 

427.680 

4  87  51 

1.8a 

96.096 

1  03  34 

3.60 

190.080 

2  03  42 

8.20 

482. 9€0 

4  41  16 

1.83 

96.624 

1  03  54 

S.GT) 

193.720 

2  05  25 

8.80 

4S8.240 

4  44  41 

1.84 

97.152 

1  03  15 

3.70 

195.360 

207  08 

8.40 

443.520 

4  48  06 

1.85 

97.680 

1  03  35 

3.75 

198.000 

2  06  51 

8.50 

448.800 

4  51  30 

1.86 

98.208 

1  03  56 

3.80 

200.640 

2  10  84 

8.60 

454.080 

4  54  55 

1.87 

98.736 

1  04  17 

3.85 

203.280 

2  12  17 

8.70 

459.860 

4  58  20 

1.88 

99.264 

1  04  37 

3.90 

;     205.920 

2  14  00 

8.80 

464.640 

6  01  44 

1.89 

99.792 

1  04  58 

3.05 

1     208.560 

2  15  43 

8.90 

469.920 

5  05  10 

1.90 

100.320 

1  05  19 

4.00 

211.200 

2  17  26 

9.00 

475.200 

5  08  24 

1.91 

100.848 

1  05  39 

4.10 

216.480 

2  20  52 

9.10 

480  48f 

5  11  59 

1.9a 

101.376 

1  06  00 

4.90 

221.760 

2  24  18 

9.20 

485.76C 

5  15  23 

1.93 

101.904 

1  06  20 

4.30 

227.040 

3  27  44 

9.30 

491.040 

5  18  48 

1.94 

102.432 

1  06  41 

4.40 

232.320 

2  31  10 

9.40 

496.320 

5  22  12 

1.95 

103.960 

1  07  02 

4.50 

237.600 

2  84  36 

9  50 

501.600 

5  25  37 

i.mj 

103.488 

1  07  22 

4.60 

242.880 

2  88  01 

9.60 

506. e80 

5  £9  01 

1.97 

104.016 

1  07  43 

4.70 

JM8.160 

2  41  27 

9.70 

512.160 

5  S2  25 

1.98 

104.544 

1  08  04 

4.80 

358.440 

2  44  53 

9.80 

517.440 

5  85  50 

l.{» 

105.072 

1  08  24 

4.00 

258.720 

2  48  19 

9.90 

522. 7S0 

5  39  14 

3.00 

105.600 

1  08  45 

5.00 

304.000 

2  51  45 

10.00 

1 

628.000 

5  42  38 

l3o6] 


TABLE  XV.— FOR  OBTAINING  BAROMETRIC  HEIGHTS  IN  F3ET. 


'  Baroin- 

1   eter. 
Inches 

0.00 

0.02 

0.04 

006 

0.06 

Diff.  per 
.002  m. 

1   =h. 

1 
1 

WO 

16832 

16860 

16888 

16915 

16943 

2.8 

.1 

1G970 

16997 

17025 

17052 

17080 

2.8 

.2 

17107 

17134 

17162 

17189 

17216 

2.7 

.3 

17:243 

17270 

17298 

17325 

17352 

2.7 

1     .4 

IT^d 

17406 

17433 

17460 

17487 

2.7 

.5 

17514 

17540 

.  175(;7 

1755W 

17621 

2.7 

.6 

17648 

17674 

17701 

17728 

17756 

27 

1     -7 

17781 

17808 

178:34 

17861 

17887 

2.7 

'     .8 

17914 

17940 

17967 

17993 

18020 

2.7 

.9 

18046 

18072 

18099 

18125 

18151 

2.6 

'  20O.0 

18178 

18204 

18230 

18256 

18282 

2.6 

.1 

18308 

18334 

18360 

18386 

18413 

2.6 

1     .2 

18438 

18464 

18490 

18516 

18542 

2.6 

.3 

18568 

18594 

18620 

18646 

18671 

2.6 

A 

18697 

18723 

18748 

18774 

18799 

2.6 

.     .5 

18825 

18851 

18S76 

18902 

18927 

2.6 

.6 

18953 

18978 

19004 

19029 

19054 

2.6 

1     .7 

19080 

19105 

19130 

19156 

19181 

2.5 

.  .8 

19306 

19231 

1925* 

19282 

19807 

2.6 

.9 

19332 

19357 

19382 

19407 

19432 

2.6 

21*.0 

19457 

19482 

19507 

19532 

19557 

2.5 

1     -1 

19582 

19606 

19631 

.19656 

19681 

2.5 

.2 

19706 

'  19730 

19755 

19780 

19804 

2.5 

.3 

19829 

19a'>4 

19878 

19903 

19927 

2.5 

.4 

19952 

19976 

20001 

20025 

20050 

2.5 

.5 

20074 

20098 

20123 

20147 

20172 

2.5 

.6 

20196 

20220 

20244 

20269 

•20293 

2.4 

.7 

20317 

20.341 

20:365 

20:389 

20413 

2.4 

.8 

20438 

20462 

20486 

20510 

20534 

2.4 

•9 

20558 

20581 

20605 

20629 

20653 

2.4 

22^o 

20677 

20701 

20725 

20748 

20772 

2.4 

.1 

20796 

20820 

20843 

20867 

20891 

2.4 

.2 

20914 

20938 

20962 

20985 

21009 

2.4 

.3 

21032 

21056 

21079 

21103 

21126 

2.4 

.4 

21150 

21173 

21196 

21220 

21243 

2.3 

.5 

21266 

21290 

21313 

2ia36 

21359 

2.3 

.6 

21383 

21406 

21429 

21452 

21475 

2.3 

1     -7 

21498 

21522 

21545 

21568 

21591 

2.3 

.8 

21614 

21637 

21660 

21683 

21706 

2.3 

.9 

21728 

21751 

21774 

21797 

21820 

2.3 

23*'.0 

21843 

21866 

21888 

21911 

21934 

2.3 

.1 

21957 

21979 

22002 

22025 

22047 

2.3 

I     -2 

22070 

22092 

22115 

22138 

22160 

2.3 

.3 

22183 

22205 

22228 

22250 

aJ272 

2.2 

1     -4 

22295 

22317 

22340 

22362 

22384 

2.2 

'     .5 

22407 

22429 

22451 

2:^474 

22496 

2.2 

.6 

22518 

22540 

22562 

22585 

22607 

2.2 

.7 

22629 

22651 

22673 

22695 

22717 

2.2 

:8 

22739 

22^'61 

22783 

22805 

22827 

2.2 

.9 

1 

22849 

22871 

22893 

22915 

22937 

2.2 

24<'.0 

22959 

22981 

23003 

23024 

28046 

2.2 

.1 

23068 

23090 

23111 

2:3133 

23155 

2.2 

.2 

23176 

2:3198 

23220 

23241 

23263 

2.2 

.3 

232S5 

23306 

23328 

23349 

23371 

2.2 

.4 

28392 

23414 

234:35 

23457 

23478 

2.2 

.5 

23500 

2:3521 

23542 

23564 

235.85 

2.1 

.6 

23606 

23628   • 

23649 

23670 

23692 

2.1 

.7 

28713 

23734 

23755 

2:3776 

23798 

2.1 

.8 

28819 

23840 

23861 

23882 

2:3903 

2.1 

i      •» 

28921 

23945 

23966   i 

23987 

24006 

21    1 
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TABLE  XV.— FOR  OBTAINING  BAROMETRIC  HEIGHTS  IN  FEET. 


Barom- 

eter. 
Inches 

0.00 

0.03 

0.04 

0.06 

0.06 

Diflf.  per 
.002  in. 

=  h. 

25'».0 

24029 

24050 

mm 

^4092 

24113 

2.1 

.1 

24134 

24155 

24176 

^197 

24217 

2  1 

.2 

24238 

24259 

24280 

24;W1 

24321' 

2.1 

.3 

24^2 

24363 

24384 

24404 

24425 

2.1 

.4 

24446 

24466 

24487 

24508 

24528 

2.1 

.5 

24549 

24569 

24590 

24610 

^631 

2.1 

.6 

^1651 

24672 

24692 

24713 

W733 

2.0 

.7 

24754 

24774 

24794 

24815 

24835 

2.0 

.8 

24855 

24876 

24896 

24916 

24987 

2.0 

.9 

24957 

24977 

24997 

25018 

25038 

2.0 

26».0 

?5058 

25078 

25098 

25118 

25138 

2.0 

.1 

25159 

25179 

26199 

25219 

25239 

2.0 

.8 

25259 

25279 

26299 

25319 

25339 

2.0 

.3 

25359 

25379 

25399 

25419 

25438 

2.0 

.4 

25458 

25478 

25498 

25518 

25538 

2.0 

.5 

25557 

25577 

25507 

25617 

25637 

2.0 

.6 

25656 

25676 

25696 

25715 

25735 

2.0 

.7 

25755 

25774 

25794 

25813 

26833 

2.0 

.8 

25853 

25872 

25892 

25911 

25931 

2.0 

.9 

25950 

25970 

25989 

26009 

26028 

2.0 

27*'.0 

26048 

26067 

26086 

26106 

26125 

1.9 

.1 

26145 

26164 

361»3 

26203 

26222 

1.9 

.2 

26^1 

26260 

26280 

26299 

26318 

1.9 

.3 

26337 

26357 

26376 

26395 

26414 

1.9 

.4 

26433 

26452 

2fr472 

26491 

26510 

1.9 

.5 

26529 

26548 

26567 

26586 

26605 

1.9 

.6 

26624 

26643 

26662 

26681 

26700 

1.9 

.7 

26719 

26788 

26757 

26776 

26795 

1.9 

.8 

26813 

26832 

26851 

2:870 

2G889 

1.9 

.9 

26908 

26926 

26945 

26964 

26983 

1.9 

28^0 

27001 

27020 

27089 

27058 

27076 

1.9 

.1 

27095 

27114 

27132 

27151 

27169 

1.9 

.2 

27188 

27207 

27225 

27244 

27262 

1.9 

.3 

27281 

27299 

27318 

27836 

27355 

1.8 

.4 

27373 

27392 

27'410 

27429 

27447 

1.8 

.5 

27466 

27484 

27'502 

27521 

27539 

1.8 

.6 

27557 

27576 

2';'594 

27612 

27631 

1.8 

27649 

27667 

276a5 

27704 

27722 

1.8 

.8 

27740 

2V758 

2^777 

27795 

27813 

1.8 

.9 

27831 

27849 

27867 

27885 

27904 

1.8 

29°.0 

27922 

27940 

27958 

27976 

27994 

1.8 

.1 

28012 

28030 

28048 

28066 

280^ 

1.8 

.2 

28102 

28120 

28138 

28156 

28174 

1.8 

.3 

28192 

28209 

28227 

28245 

28203 

1.8 

.4 

28281 

28299 

28317 

28334 

28352 

1.8 

.5 

28370 

28388 

28405 

2842;} 

28441 

1  8 

.6 

28459 

28476 

28494 

2a512 

28529 

1.8 

.7 

2a'>47 

2a565 

2a582 

28000 

28618 

1.8 

.8 

28635 

28653 

28670 

28688 

28706 

1.8 

.9 

28723 

28741 

28758 

28776 

28793 

1  8 

30*.  0 

28811 

28828 

28846 

28863 

28881 

1.8 

.1 

28898 

28915 

28933 

28950 

28968 

1.8 

.2 

2^085 

29002 

29020 

29087 

29054 

1.7 

.3 

29072 

29089 

29106 

29124 

29141 

1.7 

.4 

29158 

29175 

29192 

29210 

29227 

1.7 

.5 

29244 

29261 

29278 

29296 

29313 

1.7 

.6 

29330 

29347 

29364 

29381 

29396 

1.7 

.7 

29416 

29433 

29450 

29467 

29484 

1.7 

.8 

29501 

29518 

295a5 

29552 

29669 

1.7 

.9 

29586 

296a3 

£9620 

29637 

29654 

1.7 
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TABLE  XVI.-COEFFICIENT  OF  CORRECTION  FOR  TEMPERATURE. 


t+t' 

f-f.f/-64° 
900 

*-h«' 

t-^t'  -  64° 

t  +  r 

t-^t'  _  64° 
900 

1 

t-^t^  _  64° 

900 

900 

20° 

.0489 

65° 

4-  .0011 

'  110° 

+  .0511 

'  155° 

.1011 

21 

-  .0478 

66 

.0022 

111 

.0522 

!  156 

.1028 

22 

.0467 

67 

.0038 

112 

.0533 

,  157 

.1033. 

23 

.0456 

68 

.0044 

113 

.0644 

158 

.1044 

24 

.0444 

69 

.0056 

114 

.0556 

159 

.1056 

25 

.0433 

70 

.0067 

115 

.0567 

160 

.1067 

26 

.0422 

71 

.0078 

116 

.0578 

161 

.1078 

27 

.(V411 

72 

.0089 

117 

.6689 

162 

.1089 

28 

.0100 

.  73 

.0100 

118 

.0600 

168 

.1100 

29 

.088» 

'74 

.0111 

119 

.0611 

164 

.1111 

30 

.0378 

75 

.0122 

120 

+  .0622 

165 

.1122 

31 

-  .0367 

76 

+  .0138 

121 

.0633 

166 

+  .1133 

32 

.0666 

77 

.0144 

122 

.0644 

167 

.1144 

33 

.0344 

78 

.0156 

123 

.0656 

168 

.1156 

31 

.asm 

79 

.0167 

124 

.0667 

169 

.1167 

35 

.0322 

80 

.0178 

125 

.0678 

170 

.1178 

36 

.0811 

81 

.0180 

126 

.0689 

171 

.1189 

37 

.0300 

82 

.0200 

127 

.0700 

172 

.1200 

38 

.0289 

83 

.0211 

128 

.0711 

173 

.1211 

39 

.0878 

84 

.0222 

129 

.0722 

174 

.1222 

40 

.0267 

85 

.0233 

130 

+  .0733 

175 

.1238 

41 

~  .0256 

86 

+  .0244 

131 

.0744 

176 

+  .1244 

42 

.0244 

87 

.0256 

132 

.0756 

177 

.1256 

43 

.0283 

88 

.0267 

133 

.0767 

178 

.1267 

44 

.0222 

89 

.0278 

134 

.0778 

1  179 

.1278 

45 

.0211 

90 

.0289 

135 

.0789 

,  180 

.1289 

46 

.0200 

91 

.0300 

136 

.0800 

>  181 

.1300 

47 

.0189 

92 

.0311 

137 

.0811 

I  182 

.1311 

48 

.0178 

93 

.0322 

138 

.0822 

183 

.1322 

49 

.0167 

94 

.0338 

139 

.0833 

184 

.1833 

50 

-  .0156 

96 

.0344 

140 

4-  .0844 

185 

.1844 

51 

.0144 

96 

+  .0856 

141 

.0666 

i  186 

+  .1356 

52 

.0133 

97 

.0367 

142 

.0867 

187 

.1367 

53 

.0122 

98 

.0378 

143 

.0878 

'  188 

.1378 

54 

.0111 

99 

.0889 

144 

.0689 

1  189 

.1389 

55 

.0100 

100 

.0400 

146 

.0900 

,  190 

.1400 

56 

.0089 

101 

.0411 

146 

.0911 

'  191 

.1411 

57 

.0078 

102 

.0422 

147 

.0922 

i  192 

.1422 

58 

.0067 

103 

.0433 

148 

.0938 

{  193 

.1433 

59 

.0056 

104 

.0444 

149 

.0944 

1  194 

.1444 

60 

.0044 

105 

.045Q 

150 

4-  .0956 

195 

.1456 

61 

-  .0033 

106 

+   .0467 

151 

.0967 

'  196 

+  .1467 

62 

.0022 

107 

.0478 

152 

.0978 

197 

.1478 

63 

.0011 

106 

.0489 

153 

.0969 

198 

.1489 

64 

.0000 

109 

.0500 

154 

.1000 

1  199 

i 

.1500 

TABLE  XVn.-CORRECTION  FOR  EARTH'S  CURVATURE  AND 

REFRACTION.    §119. 


L» 

HO 

L« 

H« 

L» 

H» 

L» 

H» 

Lo 

4300 

HO 

MUes 

HO 

300 

002 

1300 

.oa5  ' 

2300 

.108 

3300 

.223 

.379 

1 

.571 

400 

003 

1  1400 

.040 

2400 

.118 

3400 

.237 

4400 

.397 

2 

2.285 

.500 

005 

1  1500 

.046 

2500 

128 

.3500 

.251 

4500 

.415 

8 

5.142 

600 

007 

!  1600 

.052  1 

2600 

139 

3600 

.266 

4600 

.434 

4 

9.141 

700 

.010 

,  1700 

.0.59  , 

2700 

.149 

3700 

.281 

4700 

.453 

5 

14.282 

800 

.018 

'  1800 

.066 

2800 

.161  1 

3800 

.296 

4800 

.472 

6 

20.567 

900 

.017 

1  1900 

.074 

2900 

172  j 

3J)00 

.312 

4900 

.492 

7 

27.994 

lOOO 

020 

2000 

082 

3000 

,184 

4000 

.328 

5000 

.512 

8 

36.563 

1100 

.025 

2100 

.090 

3100 

.197 

4100 

345 

5100 

.533 

9 

46.87f 

1200 

.030 

2200 

.099  1 

3200 

.210  1 

4200 

.362 

5200 

.554 

10 

57.  r 

[309] 


TABL2  XVm.— COEFFICIENT  FOR  RFDUCINO  INCLINED  STADIA 
MEASUREMENTS  TO  THE  HORIZONTAL,    i  224. 


a 


1 

2 

3 
4 
5 
6 
7 
8 
9 
10 

11» 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21*» 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31*» 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41o 

42 
43 
44 
45 


O' 


W 


20' 


SO' 


1.000000 
.999696 
.998782 
.997261 
.995184 
.992404 
.989074 
.985148 
.980631 
.975528 
.969816 

.963591 
.956772 
.949306 
.941473 
.933011 
.924022 
.914517 
,904507 
.894003 
.883020 

.8n569 
.859667 
.817326 
.834561 
.821390 
.807826 
.793888 
,779591 
.764954 
,749994 

.734729 
.719179 
.703361 
.687296 
.671002 
.651500 
.637810 
.620952 
.603946 
.586814 

.569576 
.552253 
.531867 
.517488 
.499988 


.999992 
.999586 
.998571 
.996949 
.994721 
.991891 
.988461 
.981436 
.979821 
.974621 
,968843 

.962494 
.955581 
.948113 
.940100 
.931550 
.922474 
.912883 
,902790 
.892206 
.881143 

,869617 
.857610 
.845227 
.832394 
,819156 
.805529 
.791529 
.777175 
.762183 
.747471 

.782157 
.716561 
.700700 
.684595 
.668266 
.651731 
,635011 
.618127 
.601099 
.583948 

.566694 
.549359 
.531964 
.514530 
.497079 


.999967 
.999450 
.998343 
.996619 
.994291 
.991360 
.987831 
.983708 
.978996 
.973696 
.967824 

.961380 
.954375 
.916815 
.938711 
.930073 
.920911 
.911236 
.901060 
.890395 
,879254 

.867652 
.855601 
.843117 
.830215 
.816911 
.803221 
.789161 
.774749 
.760002 
.744939 

.729577 
.713985 
.698033 
.681889 
.665524 
.648957 
.632208 
,615299 
.598218 
.581079 

.568810 
.546464 
.529061 
,511622 
.494170 


.999924 
.999315 

.996273 
.993844 
.990614 
.987185 
.982963 
.978152 
.972759 
.966790 

.960252 
.953153 
.945502 
.937309 
.92&582 
.919334 
.900574 
.899816 
.888571 
.877852 

.866674 
.868650 
.840996 
.828025 
.814656 
.ouuyuu 
.786783 
.772314 
.757518 
.742390 

.726989 
.711302 
,605858 
.679178 
.662776 
.646177 
.629401 
.612466 
.595395 
.678207 

.660024 
.648667 
.626156 

.508714 
.491261 


40' 

50' 

.999865 

.999789 

.999154 

.998977 

.997836 

.997557 

.995910 

.995581 

.993381 

.992901 

.990250 

.989670 

.md56i2 

.965843 

.982202 

.961424 

•  .977294 

.976419 

.971801 

.970833 

.965789 

.964678 

.969107 

.967»18 

.951916 

.9506&4 

.944174 

.942831 

.936891 

.984459 

.927077 

.925557 

.917742 

.916137 

.907899 

.906209 

.897568 

.805787 

.886733 

.884883 

.875487 

.878510 

.868684 

.861681 

.851487 

.849412 

.888862 

.886718 

,825826 

.823613 

.812890 

.810113 

.798676 

.796236 

.784896 

.781998 

.769870 

.767416 

.766016 

.762509 

.789660 

.787294 

.724898 

T21790 

.708662 

.706015 

.602677 

.689990 

.676457 

.673733 

.660028 

.667264 

.648393 

.»40601 

.626688 

.ffiSTTS 

.600630 

.6067^ 

.592587 

.689677 

.675832 

.572456 

.568086 

.555145 

.640668 

.687768 

.528251 

.620815 

.505805 

.502897 

.488363 

.485445 

r.iio] 


J 


TABLE   XIX.  —  LOGARITHM    OF    COEFFICIENT    FOR    RELUCING    IN 
CLINED  STADIA  MEASUREMENTS  TO  THE  HORIZONTAL.    $  ii34. 


a 

O' 

lO' 

20' 

BO' 

40^ 

SO' 

(3f* 

0.000000 

9.999996 

9.999985 

9.999967 

9.999941 

9.999908 

1 

9.999668 

.999820 

.999765 

.999702 

.999633 

.999555 

2 

.999471 

.999379 

.999280 

.999173 

.999059 

.996988 

3 

.998809 

.996673 

.998629 

.998379 

.998220 

.998055 

4 

.997882 

.997701 

.997514 

.997318 

.997116 

.996906 

5 

.996689 

.996464 

.996232 

.995992 

.995745 

.995491 

6» 

9.995229 

9.994959 

9.994683 

9.994399 

9.994107 

9.993808 

7 

.993501 

.993187 

.992866 

.992537 

.992201 

.991857 

8 

.991506 

.991147 

.990780 

.990406 

.990025 

.  .989636 

9 

.989210 

.988836 

.988424 

.988005 

.987579 

.967144 

10 

.966703 

.966253 

.965797 

.985832 

.984860 

.964380 

IP 

9.983893 

9.963398 

9.962895 

9.982885 

9.981867 

9.981342 

12 

.960268 

.919719 

.979163 

.978599 

.978027 

13 

.977447 

.976860 

.976265 

.975663 

.975052 

.974484 

14 

.973808 

.973174 

.972532 

.971883 

.971225 

.970560 

15 

.969887 

.969206 

.968517 

.967820 

.967116 

.966403 

16- 

9.965683 

9.964954 

9.964218 

9.963473 

9.962721 

9.961960 

17 

.961192 

.960415 

.959631 

.958838 

.958037 

.957229 

18 

.956412 

.955587 

.954753 

.953912 

.953063 

.952205 

19 

.951339 

.950465 

.949583 

.948692 

.947793 

.946886 

20 

.W5970 

.945047 

.944114 

.943174 

.942225 

.941268 

21<» 

9.940302 

9.939328 

9.938345 

9.937354 

9.936855 

9.935347 

22 

.934330 

.938305 

.932271 

.981229 

.980178 

.929119 

23 

.928050 

.926974 

.925888 

.924794 

.923691 

.  .922579 

24 

.9^458 

.920329 

.919191 

.918044 

.916888 

.915723 

25 

.914549 

.913366 

.912175 

.910974 

.909764 

.908546 

26<» 

9.907318 

9.906081 

9.904835 

9.903580 

9.902316 

9.901042 

27 

.899759 

.698467 

.897166 

.895855 

.894535 

.893206 

28 

.891867 

.890519 

.889161 

.887r94 

.886417 

.885031 

29 

.883635 

.882230 

.880615 

.879390 

.8r/956 

.876512 

30 

.875058 

.873594 

.872121 

.870687 

.869144 

.867641 

31« 

9.866127 

9.864604 

9.863071 

9.861528 

9.859974 

9.858411 

32 

.856837 

.855253 

.858659 

.862054 

.850439 

.848814 

33 

.847178 

.845582 

.843876 

.812209 

.810581 

.838843 

34 

.837144 

.835434 

.833714 

•  .a31982 

.830240 

.•828488 

an 

.826724 

.824949 

.823163 

.821367 

.819559 

.817740 

36* 

9.815910 

9.814068 

9.812216 

9.810352 

9.808476 

9.806589 

87 

.804691 

.802781 

.800860 

.798927 

.796982 

.795026 

38 

.793058 

.791078 

.789086 

.787082 

.785066 

.783038 

39 

.780998 

.778946 

.776882 

.774805 

.772716 

.770614 

40 

.768500 

.766374 

.764235 

.762063 

.759919 

.757742 

41<» 

9.755552 

9.753349 

9.751133 

9.748904 

'9.746662 

9.744407 

42 

.742138 

.739857 

.737561 

.736253 

.732931 

.730595 

43 

.728246 

.725883 

.723506 

.721115 

.718710 

.716291 

44 

.713858 

.711411 

.708950 

.706474 

.703983 

.701479 

45 

9.696959 

9.696425 

9.693876 

9.691313 

9.688734 

9.686140 

TABLE  XX.-LENGTHS  OF  CIRCULAR  ARCS ;  RADIUS  =  1. 


b6C. 


Length. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
32 
33 
84 
36 
36 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


.0000048 
.0000097 
.0000145 
.0000194 
.0000242 
.0000291 
.0000339 
.0000888 
.0000436 
.0000485 

.0000533 
.0000682 
.0000630 
.0000679 
.0000?27 
.0000776 
.0000824 
.0000873 
.0000921 
.0000970 

.0001018 
.0001067 
.«001115 
,0001164 
.0001212 
.0001261 
.0001809 
.0001857 
.0001406 
.0001454 

.0001508 
.0001661 
.0001600 
.0001648 
.0001697 
.0001745 
.0001794 
.0001842 
.0001891 
.0001939 

.0001988 
.0002036 
.0002085 
.0002133 
.0002182 
.0002230 
.0002279 
.0002327 
.0002376 
.0002424 

.0002473 
.0002521 
.0002570 
.0002618 
.0002666 
.0002715 
.00027(53 
.0002812 
.0002860 
.0002909 


Min. 

Length. 

1  ' 

.0002909 

2 

.0005818 

3 

.0008727 

4 

.0011636 

5 

.0014644 

6 

.0017453 

7 

.0020362 

8 

.0023271 

9 

.0026180 

10 

.0029069 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

61 
62 
53 
54 

55 

I  56 

57 

■  58 

59 

I  60 


.0031998 
.0034907 
.0037815 
.0040724 
.0043633 
.0046542 
.0049451 
.0052360 
.0055269 
.0058178 

.0061087 
.0063995 
.0066904 
.0069813 
.0012^22 
.0075631 
.0078540 
.0081449 
.0084358 
.0067266 

.0090175 
.0093084 
.0095993 
.0098902 
.0101611 
.0104720 
.0107629 
.0110538 
.011*446 
.0116355 

.0119264 
.0122173 
.0125082 
.0127991 
.0130900 
.0133809 
.0136717 
.0139626 
.0142535 
.0145444 

0148353 
.0151262 
.01M171 
.0157080 
.0159989 
.0162897 
.0165806 
.0168715 
.0171624 
.0174533 


Deg. 


Length. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
80 

31 
32 
38 
84 
35 
36 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 

52 

;  68 

I  64 

55 

56 

57 

I  58 

I  59 

60 


.0174683 
.0849066 
.0528599 
.0698182 
.0872665 
.1047198 
.1221780 
.1896263 
.1570796 
.1746829 

.1919862 
.2094896 
.2268928 
.2448461 
.2617994 
.5:792527 
.2967060 
.8141598 
.3316126 
.8490659 

.8665191 

.8839724 
.4014257 
.4186790 
.4863323 
.4587K')6 
.4712869 
.48^6922 
.5061455 
.52^5968 

.5410521 
.558E064 
.5759587 
.5934119 
.6108652 
.6283185 
.6457718 
.6632251 
.6606784 
.6981317 

.7155850 
.7330888 
.7604916 
.7679449 
.7853988 
.8028515 
.8208047 
.8377580 
.8552118 
.8726646 

.8901179 

.9076712 

.9250245 

.9424778 

.9599311 

.9773844 

.9948377 

1.0122910 

1.0297443 

1.0471976 


,  Deg.  I    Length. 


61 
62 
68 
64 
66 
66 
67 
68 
69 
70 

71 
72 
78 
74 
76 
76 
77 
78 
79 
80 

81 
82 
83 

84 
85 
86 
87 
68 
89 
90 

91 
92 
98 
94 
96 
96 
97 
96 
99 
100 

101 
102 
108 
104 
106 
106 
107 
106 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


1.C646508 
1.0621041 
1 .0995674 
1.1170107 
1.1344640 
1.1519173 
1.1698706 
1.1868239 
1.20427V2 
1.2217305 

1.2391838 
1.2566371 
1.2740904 
1.2916436 
1.3089969 
1.3264502 
1.3439035 
1.3613568 
1.3788101 
1.3062634 

1.4137167 
1 .4311700 
1.44t62C3 
1.4660706 
1.4835299 


,5001}e32 
,5164364 
.  53^:6^97 
.5633430 
.5707903 


1.5882496 
1.60571)29 
1.6281562 
1.6406095 
1.6580628 
1.6766161 
1.6929694 
1.7101227 
1.7278760 
1.7468298 


7627825 
7802858 
7976891 
8161424 
6325857 
1.8500490 
1.6675023 
1.8849556 
1.9024069 
1.9198622 

1.9378155 
1.9647688 
1.9722221 
1.9696753 
2.0071286 
2.0245819 
2.0420352 
2.0694885 
2.0769418 
2.0943951 


is  I  2] 


TABLE  XXI. -MINUTES  IN  DECIMALS  OF  A  DEGREE 


0 
1 
2 
3 
4 
5 
6 


0" 


.00000 
.01667 
.03333 
.05000 
.06367 
.06333 
.10000 


7 
8 

.11667 
.13333 

9 

.15000 

10 

.16667 

11 

.18333 

12 

.20000 

13 

.21667 

14 

.88333 

15 

.25000 

16 

.26667 

17 

.28333 

18 

.30000 

19 

.31667 

20 

.33333 

21 

.a50oo 

22 

.36667 

23 

.38333 

^ 

.40000 

25 

.41667 

26 

.43333 

27 

.45000 

28 

.40667 

29 

.48333 

30 

.50000 

31 

.51667 

32 

.53333 

33 

.55000 

34 

.56667 

35 

.58333 

36 

.60000 

37 

.61667 

38 

.63333 

39 

.65000 

40 

.66667 

41 

.68333 

42 

.70000 

43 

.71667 

44 

.73333 

45 

.75000 

46 

.76667 

47 

.78333 

48 

.80000 

49 

.81667 

50 

.83333 

51 

.85000 

52 

.86667 

53 

.88333 

54 

.90000 

55 

.91667 

56 

.933.33 

57 

.95000 

58 

.93667 

59 

.98333 

/ 

0" 

10- 

15' 

20" 

30" 

40" 

00278 

,00417 

.00556 

.00833 

.01111 

.01944 

.02083 

.02222 

.02500 

.02778 

.03611 

.03750 

.08889 

.04167 

.04444 

.a5278 

.05417 

.05556 

.05833 

.06111 

.06944 

.07083 

.07222 

.07500 

.07778 

.08611 

.08750 

.08889 

.09167 

.09444 

.10278 

.10417 

.10556 

.10833 

.11111 

.11944 

.12088 

.12222 

.12500 

.12778 

.13611 

.18750 

.13889 

.14167 

.14444 

.15278 

.15417 

.15556 

.15833 

.16111 

.16944 

.17083 

.172a2 

.17500 

.irm 

.18611 

.18750 

.18889 

.19167 

1^444 

.20278 

.20417 

.20556 

.20833 

.21111 

.21944 

.29083 

.22222 

.22500 

.22778 

.23611 

.28750 

.23889 

.24167 

.24444 

.25278 

.25417 

.25556 

.25833 

.26111 

.26944 

.27083 

.27222 

.27500 

.27778 

.28611 

.28750 

.28889 

.29167 

.29444 

.30278 

.30417 

.30556 

.30833 

.31111 

.31944 

.32083 

.32222 

.32500 

.32778 

.a3611 

.33750 

.33889 

.34167 

.34444 

.35278 

.35417 

.a'>556 

.35833 

.36111 

.36944 

.37083 

.3';'222 

.37500 

.37778 

.38611 

.38750 

.38889 

.39167 

.39444 

.4(^78 

.40417 

.40556 

.40833 

.41111 

.41944 

.42083 

42222 

.42500 

.42778 

.43611 

.43750 

4:^9 

.44167 

.44444 

.45278 

.45417 

.45556 

.45833 

.46111 

.46944 

.47083 

.47232 

.47500 

.47778 

.48611 

.48750 

.48889 

.49167 

.49444 

.50278 

.50417 

.50556 

.50833 

.51111 

.51944 

.52083 

.52222 

.52503 

.527/8 

.53611 

.53750 

.53889 

.54167 

.54444 

.55278 

.55417 

.55556 

.55833 

.50111 

.56944 

.57083 

.57222 

.57500 

.57778 

.58611 

.58750 

.58889 

.59167 

.59444 

.60278 

.60417 

.60556 

.60^ 

.61111 

.61944 

.62083 

.62222 

.62500 

.62778 

.63611 

.63750 

.63889 

.64167 

.64444 

.65278 

.65417 

.65556 

.65833 

.66111 

.66944 

.67083 

.67222 

.67500 

.6VVV'8 

.68611 

.68750 

.68889 

.69167 

.69444 

.70278 

.70417 

.70556 

.70833 

.71111 

.71944 

.72083 

.72222 

.72500 

.72778 

.73611 

.73750 

.73889 

.74167 

.74444 

.75278 

.75417 

.75556 

.75833 

.76111 

.76944 

.77063 

.77222 

.77500 

.77/78 

.78611 

.78750 

.78889 

.79167 

.79444 

.80278 

.80417 

.80556 

.80833 

.81111 

.81944 

.82083 

.82222 

.82500 

.82778 

.83611 

.83750 

.83889 

.84167 

.84444 

.85278 

.85417 

.85556 

.85833 

86111 

.86944 

.87083 

.87222 

.87500 

.8VVV8 

.88611 

.88750 

.88889 

.89167 

.89444 

.90278 

.90417 

.90556 

.908.33 

.91111 

.91944 

.92083 

.92222 

.92500 

.927':'8 

.93611 

.93750 

.93889 

.94167 

.94444 

.95278 

.ft5417 

.95556 

.95833 

.96111 

.'96044 

.97083 

.97222 

.97500 

.97778 

.98611 

.96750 

.98889 

.99167 

.99444 

10" 

15" 

20" 

30" 

40" 

45" 


.01250 
.02917 
.0458;^ 
.00250 
.07917 
.09583 
.11250 
.12917 
.14563 
.16250 
.17917 

.19583 
.21250 
.22917 
.24583 
.26250 
.27917 
.29583 
.31250 
.32917 
.34583 

.36250 
.37917 
.39583 
.41250 
.42917 
.44583 
.46250 
.47917 
.49583 
.51250 

.£2917 
.54583 
.56250 
.57917 
.59.583 
.61250 
.62917 
.645a3 
.66250 
.67917 

.69583 
.71250 
.72917 
.74588 
.76250 
.77917 
.79583 
.81250 
.82917 
.84583 

.86250 
.87917 
.89583 
.91250 
.92917 
.94583 
.96250 
.97917 
.99583 

45" 
[313] 


50- 


.01389 
.03055 
.04722 
.06389 
.08056 
.09722 
.11389 
.13056 
.14?22 
.16389 
.18056 

.19722 
.21389 
.23056 
.24?22 
.26389 
.28056 
.297^22 
.31389 
.83056 
.^722 

.36.389 
.38056 
.39722 
.41389 
.43056 
.44722 
.46389 
.48056 
.49722 
,51389 

.58056 
.54722 
.56389 
.580.56 
.59722 
.61389 
.63056 
.64722 
.66389 
.68056 

.69722 
.71389 
.73056 
.74722 
.76389 
.78056 
.79722 
.81389' 
.83056 
.847122 

.86389 
.88056 
.89722 
.91389 
.93056 
.94722 
.96389 
.98056 
.99722 

50" 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 


TABLE  XXII. -INCHES  IN  DECIMALS  OF  A  FOOT. 


In. 

0 
Foot 

1 

.0638 

2 

.1667 

S 

4 

5 

.4167 

6 

.5000 

7 

8 
.6667 

9 

.7500 

10 

.8888 

11 

1 

In 

0 

.2500 

8888 

5883 

.91^7 

0 

1-32 

.0026. 08691. 1698 

.2526 

.3359 

.4193 

.5026 

.5869 

.6693 

.7526 

8859 

.9193 

1-82 

1-16 

.00521 .0885 

.1719 

.2552 

.38851.4219 

.6052 

.5886  .6719 

.7552 

,8385 

.9219 

1-16 

8-32 

.0078.0911 

.1745 

.2578 

.84111. 4^45. 5078 

.5911  .6745 

.7578J.8411 

.9245 

3-^ 

IS 

.OIW  .0938;.  1771 

.2604 

.3438. 4271. 5104 

.69881.6771 

.7804 

.8488!. 9271 

1-8 

6-^ 

.0180  .09(WM797 

.2630 

.3464.42971.5180 

.59641.6797 

.7680 

.8464. 9297 

5-32 

8-16 

.0156  .0990'.  1823 

.2656 

.8490.4823 

.5166 

.5990 

.6623 

.76561.8490  .9328 

8-16 

7-32 

.0182. 1016J.  1849 

.2682 

.8516|.4849 

.5182 

.6016 

.6849 

.7682 

.8516.9349 

7-33 

1-i  !.0208 

.1042 

.1875 

.2708 

.8542 

.4875 

.5206 

.6042 

.6875 

.7708 

.8542.9375 

1-4 

9-32  .02*4 

.1068 

.1901 

.2734 

.3568 

.4401 

.5234 

.6068 

.6901 

.7784 

.8568.9401 

9-32 

5-16 

.0260 

.1094 

.1927 

.2760 

.8594 

.4427 

.5260 

.6094 

.6927 

.7760 

.8694.9427 

5-16 

11-32 

.0286 

.1120 

.1953 

.2786 

.8620 

.4453 

.6286 

.6120 

.6958 

.7786 

.8620!. 9458 

11-32 

3-8 

.0313 

.1146 

.1979 

.2818 

.3646 

.4479 

.6818 

.6146 

.6979 

.7818 

.86461.9479 

3-8 

13-32 

0839 

.1172 

.2005 

2839 

.36ra 

.4505 

.5389 

.6172 

.7005 

.7889 

.8672;.  {505 

13-32 

7-16 

.0865 

.1198 

.2031 

'.2865 

.8698 

.4531 

,5865 

.6198 

.7031 

.7865 

.6696 

.9681 

7-16 

15-32 

0391 

.1224 

.2057 

.2891 

.3'/24 

.4557 

.5391 

.0224 

.7067 

.7891 

.8724 

.9557 

15-32 

1-2 

.0417 

.1250 

.2063 

.2917 

.3750 

.45a3 

.M17 

.6250 

.7068 

.7917 

.8750'.  9583 

1-2 

17-32 

0443 

.12761.2109 

.2943 

.3776 

.4609 

.6448 

.6276 

.7109 

.7948 

.8776 

.9609 

17-32 

9-16 

.0469 

.13021.2135 

.2969 

.3802 

.4635 

.5469 

6802 

.7135 

.7969 

.8802 

9635 

9-16 

19-32 

.0495 

.1328 

.2161 

.2995 

.38281.4661 

.5495 

.6828 

.7161 

.7995 

.8826 

.9661 

19-32 

5-8 

.0521 

.1354 

.2188 

.3021 

.38541.4688 

.5521 

.6354 

.7188 

.8021 

.88541.968^ 

5-8 

21-32 

.0547 

.1380 

.^14 

.8047 

.3880.4714 

.5547 

6880 

.7214 

.8047 

.8880 

.9714 

21-32 

11-16 

.0573i.  1406 '.2240 

.3073 

.3906!  .4740'. 5578. 6406 

.7240 

.8078. 8906. 9740 

11-16 

23-32 

.0599.14321.2266 

j 

.8099  .3932 

.4766  .5699  .Waa 

.7266 

.8099.8932 

.9766 

28^ 

3-4 

.0625  .1458*. 2282 

.3125  .8958 

.4792 

.6625<.6458 

.7292 

.8125.8866 

.9792 

3-4 

25^32 

.06511.1484 '2318 

.3151  .8984J.4818 

.56611.6484 

.7318 

.8161 

.8864 

.9618 

25-32 

13-16 

.0677  .1510.2344 

.8177  .4010.4844 

.66771.6510 

.7344 

.8177 

.9010 

.9644 

13-16 

27-32 

.0703  .1536 

.2370 

.3203  .4086 

.4870.5703.6536 

.7370 

.8208 

.9096 

.9870 

27-^^ 

7-8 

.0729  .156J3 

.2396 

.3229 

.4063 

.4896  .5729'. 6663 

.7896 

.8229 

.9068 

.9896 

7-8 

29-^ 

.0755  .1589 

.2422 

.3255 

.4089 

.4922  .5755  .6689 

.7422 

.8265 

.9069 

.9922 

29-32 

15-16 

.0781  .1615 

.2448 

.3281 

.4115 

.4948  .5781  .6615 

.7448. 8261  .9115.9948 

15-16 

31-32 

.0807  .1641 

.24741.3807 

.4141 

.4974  .6807,. 6641 

.7474  .8307  .9141 

.9974 

81-3a 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

I3I4] 


TABLE  XXni. -SQUARES.  CUBES,  SQUARE  ROOTS 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

1 

1 

1 

1.0000000 

1.0000000 

1.000000000 

2 

4 

8 

1.4142136 

1.2699210 

.500000000 

3 

9 

27 

1.7320508 

1.4422496 

.333333333 

4 

16 

64 

2.0000000 

1.5874011 

.250000000 

5 

25 

125 

2.2360680 

1.7099759 

.200000000 

6 

36 

216 

2  4494897 

1.8171206 

.166666667 

7 

49 

343 

2.6457513 

1.9129312 

.142867143 

8 

64 

512 

2.8284271 

2.0000000 

.125000000 

9 

81 

729 

3.0000000 

2.0600637 

.111111111 

10 

100 

1000 

3.1622777 

2.1544347 

.100000000 

11 

121 

1331 

3.3166248 

2.2239801 

.090909091 

12 

144 

1728 

3.4641016 

2.2894286 

.063333333 

13 

169 

2197 

3.6055513 

2.3513347 

.076023077 

14 

196 

2744 

3.7416674 

2.4101422 

.071428671 

15 

225 

3375 

3.8729633 

2.4662121 

.066666667 

16 

256 

4096 

4.0000000 

2.5198421 

.062500000 

17 

289 

4913 

4.1231056 

2.5712816 

.058823529 

18 

324 

5832 

4.2426407 

2.6207414 

.066665566 

19 

361 

6859 

4.3588969 

2.6684016 

.062631579 

20 

400 

8000 

4.4721360 

2.7144177 

.050000000 

21 

441 

9261 

4.5826757 

2.7589243 

.047619048 

22 

484 

10648 

4.6904158 

2.8020393 

.045464645 

23 

529 

12167. 

4.7958315 

2.8438670 

.043478261 

24 

576 

13824 

4.8989795 

^.8844991 

.041666667 

25 

625 

15625  • 

5.0000000 

2.9240177 

.040000000 

26 

676 

17576 

5.0990195 

2.9624960 

.038461588 

27 

729 

19683 

5.1961524 

3.0000000 

.037037087 

28 

784 

21952 

5.2915026 

3.0365889 

.035714286 

29 

841 

24389 

5.3851648 

3.0723168 

.084482759 

30 

900 

27000 

5.4772256 

8.1072325 

.0333aS338 

31 

961 

29791 

5.5677644 

3.1413806 

.032258065 

32 

1024 

82768 

5.6568542 

3.1748021 

.031250000 

33 

1069 

85937 

5.7445626 

3.2075343 

030803030 

34 

1156 

39304 

5.8309519 

3.2396118 

.029411765 

35 

1225 

42875 

5.9160798 

8.2710663 

.028571429 

36 

1296 

46656 

6.0000000 

3.3019272 

.027VV/'/78 

37 

1369 

50653 

6.0827625 

3:3322218 

.027027027 

38 

1444 

54872 

6.1644140 

3.3619754 

.026316789 

39 

1521 

59319 

6.2449980 

3.3912114 

.026641026 

40 

1600 

64000 

6.3245563 

3.4199519 

.025000000 

41 

1681 

68921 

6.4031242 

3.4482172 

.024390244 

42 

1764 

•  74088 

6.4807407 

3.4760266 

.023809524 

43 

1849 

79507 

6.5574385 

3.5033981 

.023256814 

44 

1936 

85184 

6.633^96 

3.5303483 

.022727273 

45 

2025 

91125 

6 . 70820S9 

3.5568933 

.022222222 

46 

2116 

97336 

6  7^S900 

•3.5830479 

.021739180 

47 

2209 

103823 

6!8556546 

3.6088261 

.021276600 

48 

2304 

110592 

6.9282032 

3.6342411 

.0SC833333 

49 

2401  . 

117649 

7.0000000 

3.6593057 

.020408163 

50 

2500 

125000 

7.0710678 

3.684C314 

.020000000 

51 

2601 

132651 

7.1414284 

3.7061298 

.019607843 

52 

2704 

140608 

7.2111026 

3.7325111 

.019230769 

53 

2809 

148877 

7.2801099 

3.7562858 

.018867925 

54 

2916 

157464 

7.3484692 

3.7797631 

.018518619 

55  • 

3025 

166375 

7.4161985 

3.8029525 

.018181818 

56 

3136 

175616 

7.4833148  . 

3.8258624 

.017857143 

67 

3249 

ia5193 

7.5498344 

3.84»5011 

.017543860 

58 

3364 

195112 

f. 6157731 

3.8708766 

.017241379 

59 

3481 

205379 

7.6811457 

3.8929965 

.016949153 

60 

3600 

216000 

7.7459667 

8.9148676 

.016666667 

61 

3721 

226981 

7.8102497 

8.9364972 

.016398443 

62 

3844 

238328 

7.8740079 

3.9578915 

.016129082 

[315] 


CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

• 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Recipix>cals. 

63 

3969 

250047 

7.9378589 

8.9790571 

.015878016 

64 

4096 

262144 

8.0000000 

4.0000000 

.015625000 

65 

4225 

274625 

8.0622577 

4.0207256 

.015884615  ' 

66 

4356 

287496 

8.12^40384 

4.0412401 

.015151515 

67 

4489 

300763 

8.1853528 

4.0615480 

.014925873 

68 

4621 

314432 

8.2462113 

4.0816551 

.014705882 

69 

4761 

328509 

8.3066239 

4,1015661 

.014492754 

TO 

4900 

343000 

8.3666003 

4.1212853 

.014285n4 

71 

5041 

357911 

8.4261498 

4.1408178 

.014084507 

72 

5184 

373248 

8.4852814 

4.1601676 

.013888889 

73 

5329 

389017 

8.5440037 

4.1793390 

.018698630 

74 

5476 

405224 

8.6023253 

4.1983364 

.013513514 

75 

5625 

421875 

8.6602540 

4.2171633 

.013833333 

76 

5776 

433976 

8.7177979 

4.2358236 

.013157895 

77 

5929 

4.'>6533 

8.7749644 

4.2543210 

.012187013 

78 

6084 

474552 

8.8317609 

4.2726586 

.012820513 

79 

6:^1 

493039 

8.8881944 

4.2908404 

.012658228 

80 

6100 

512000 

8.9442719 

4.3088695 

.012500000 

81 

6561 

531441 

9.0000Q00 

4.32(57487 

.012345679 

82 

6?24 

551:368 

9.0>53851 

4.8444815 

.012195122 

83 

6889 

571787 

9.1104336 

4.3620707 

.012048193 

84 

7056 

592704 

9.1651514 

4.3795191 

.011904782 

85 

7225 

614125  . 

9.2195445 

4.3968296 

.011764706 

86 

7396' 

636056 

9.2786185 

4.4140049 

.011627907 

87 

7509 

658503 

9.32^'8791 

4.4310476 

.011494253 

88 

7744 

681472 

9.3808315 

4.4479602 

.011363686 

89 

7921 

704969 

9.4339811 

4.4647451 

.011236955 

90 

8100 

?29000 

9.4868330 

4.4814047 

.011111111 

91 

8281 

75:]571 

9.5393920 

4.49^9414 

.010389011 

92 

84(>4 

•77d688 

9.5916630 

4.514:3574 

.010609565 

93 

8619 

804357 

9.643&708 

4.5306549 

.010752688 

94 

8836 

830584 

9.6953597 

4.5468359 

.010638298 

95 

9025 

857375 

9.7467943 

4.5629026 

.010526816 

96 

9216 

884786 

9.7979590 

4.5788570 

.010416667 

97 

9409 

912673 

9.8488578 

4.5947009 

.010309278 

98 

9604 

941192 

9.89M949 

4.6104363 

.010204062 

99 

9801 

970299 

9.9498744 

4.6260650 

.010101010 

100 

10000 

1000000 

10.0000000 

4.6415888 

.010000000 

101 

1(«01 

1030301 

10.0498756 

4.6570095 

.009900990 

102 

10404 

1061208 

10.0995049 

4.6723287 

.009803922 

103 

10809 

1092?27 

10.1488916 

4.6875482 

.009706788 

104 

10816 

1124864 

10.1980390 

4.7026694 

.009615885 

105 

11025 

1157625 

10,2469508 

4.n76940 

.00aT23810 

106 

11236 

1191016 

10.2956301 

4.7326235 

.009433M2 

107 

11449 

1225043 

10.3440804 

4.7474694 

.009345794 

108 

11664 

12597ft 

10.3923048 

4.7622032 

.00  -259859 

109 

11881 

1295029 

10.4403065 

4.776a'>62 

.009174312 

110 

12100 

1331000 

10.4880885 

4.7914199 

.009090909 

111 

12321 

13G7G31 

10.5350538 

4.8058955 

.009009009 

112 

12544 

1404928 

10.5830052 

4.82ft»45 

.0069285.1 

113 

12769 

1442807 

10.G301458 

4.8345881 

.006849558 

114 

12996 

1481544 

10.C770783 

4.8488076 

.ooerriuao 

115 

13225 

1520875 

10.72o8053 

4.8629442 

.006695652 

116 

13456 

1560896 

10.7703296 

4.8769990 

.006620600 

117 

13689 

1601613 

10.81665.38 

4.8909732 

.008547009 

118 

13924 

16430:32 

10.862;m5 

4.9048681 

.006474576 

119 

14161 

1685159 

10.90«ri21 

4.9186847 

.008403361 

120 

14400 

1728000 

10.9544,'fl2 

4.9324242 

.006383333 

121 

14041 

1771561 

11.00  OvKX) 

4.9400S74 

.003204463 

1<22 

14«a4 

1815848 

11.045:3610 

4.9596757 

.006196721 

^'23 

15129 

18<)()H67 

11.0905365 

4.9731898 

.006130081 

15376 

1900624 

11.1355287 

4.9866310 

.0080&4516 
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TABLE  XXin.-SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

125 

15625 

1953125 

11.1803399 

5.0000000 

.006000000 

126 

15876 

2000376 

11.2349722 

5.0133979 

.007936508 

127 

16129 

2048383 

11.2094277 

5.0205357 

.007874016 

128 

10384 

2097152 

11.3137085 

5.0390S43 

.007813500 

129 

16641 

2146689 

11.3578167 

5.0537743 

.007751938 

130 

16900 

2197000 

11.4017M3 

5.0a57970 

.007692306 

131 

17161 

2248091 

11.4455331 

5.07"87531 

.007683588 

132 

17424 

2299968 

11.4891353 

5.09164*4 

.007575758 

133 

17G89 

2353037 

11.5:^35030 

5.1044087 

.007518797 

lai 

17956 

2406104 

11.5758309" 

5.1172399 

.007"462687 

135 

18225 

2460375 

11.6189500 

5.1399378 

.007407407 

136 

18496 

2515450 

11.6eiJi038 

5.14350.i2 

.007352941 

137 

18769 

2571353 

11.7046999 

5.1551307 

.00?399370 

138 

19044 

2628072 

11.747^401 

5.1076493 

.007340377 

139 

19321 

2685619 

11.7898361 

5.1801015 

.007194245 

140 

19600 

274-4000 

11.8331596 

5.19249-41 

.007142857 

141 

19881 

2803221 

11.8743431 

5.3048379 

.007092199 

142 

201&1 

2803288 

11 .9103753 

6.3171034 

.007042354 

143 

20449 

29242tt7 

11.9583607 

5.3398315 

.000993007 

144 

20736 

2985084 

13.0000000 

5.2414828 

.006944444 

145 

21025 

3048025 

13.0415046 

5.2535879 

.006896552 

146 

21316 

3112136 

13.0830400 

6.2656374 

.006849315 

147 

21609 

3176523 

13.1343557 

6.2770321 

-.006802721 

148 

21904 

3241792 

13.1055351 

5.3895?35 

.006756757 

149 

22201 

3307949 

13.3065530 

5.3014592 

.006711409 

150 

22500 

8375000 

13.^74487 

5.3132928 

.006666667 

151 

22801 

3442951 

13.3883057 

5.3350740 

.000022517 

152 

23104 

8511808 

12.3388280 

5.3308033 

.000578947 

153 

23409 

8581577 

12.3093109 

5.3484813 

.006585948 

IM 

23716 

8652264 

12.40907'36 

5.36010tU 

.006493506 

155 

24025 

3733875 

12.4498990 

5.3710a'>4 

.006451613 

156 

24336 

8790416 

12.4899900 

5.3832136 

.006410256 

157 

24649 

3869803 

12.5299641 

5  3946(K)7 

.006309427 

158 

24964 

3944312 

12.5098051 

6.4001303 

.00(yJ39114 

159 

25281 

4019679 

12.0095308 

6.4175015 

.006389306 

160 

25600 

4096000 

12.6491106 

5.4288352 

.006250000 

161 

25921 

4173281 

12.6885775 

5.4401318 

.100311180 

162 

20244 

4351528 

12.7379331 

5.4513018 

.000173K4O 

163 

26569 

4330747 

13.7071453 

5.4635556 

.0001*4969 

164 

26896 

4410044 

13.8003485 

5.4737037 

.006097561 

165 

2?225 

4493125 

13.8453330 

5.48480(» 

.000000000 

166 

27556 

4574296 

13.8840987 

6.4958047 

.0000^4090 

167 

2^89 

4657463 

13.9338480 

6.50(58784 

.005988024 

1G8 

28224 

4741633 

13.9614814 

5.517W84 

.005953381 

169 

28561 

4826809 

13.0000000 

5.5287748 

.005917100 

170 

28900 

4913000 

13.03S4048 

6.5396583 

.005882353 

171 

29241 

5000211 

13.0766908 

6.5504991 

.0a5W7953 

172 

29584 

5088448 

13.1148770 

5.5012978 

.005813953 

173 

29929 

5177717 

13.1539404 

5.5^0546 

.005780347 

174 

30276 

5268024 

13.1909000 

5.5827702 

.005747126 

175 

30625 

5359375 

13.3387506^ 

5.5934447 

.005714286 

176 

30976 

5451776 

13.2604902 

5.0040787 

.005681818 

177 

31329 

5545233 

13.3041347 

5. 61467^ 

.005649718 

178 

31684 

5039752 

13.3410041 

6.0353303 

.005617978 

179 

32041 

5735339 

13.3790882 

5.6357408 

.005580592 

180 

82400 

6832000 

13.4164079 

6.6462162 

.005555556 

181 

82761 

6929741 

13.4530340 

5.6566538 

.0a')524862 

182 

83124 

6028568 

13.4907370 

5.6070511 

.005494505 

183 

83489 

0128487 

la.  5377493 

5  6774114 

.Oft>464481 

181 

a»56 

6s>K>r)04 

13.5O4C>600 

5.0877340 

.00r>4.^4783 
.005405405 

185 

a4225 

6:«1(S5 

13.  ($014705 

5.(5980193 

186 

a4596 

6434856 

13.0381817 

6.7083675 

.00:)370344 

[3I7J 


CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

1 
Cube  Roots.  1 

Reciprocals. 

187 

84969 

6539303 

13.6747943 

6.7184791 

.005347504 

1«8 

35344 

66446T2  . 

13.7113092 

5.7286543 

.005819149 

189 

35721 

6751269 

13.7477271 

5.7387936 

.005291005 

190 

36100 

6859000 

13.7^0488 

5.7488971 

.005268158 

191 

36481 

6967871 

13.8202750 

5.7589652 

.006285602 

19i2 

36804 

7077888 

13.8564065 

5.7689982 

.005208333 

19:3 

37i^i9 

7189057 

13. 89*^4440 

5.7789966 

.005181347 

194 

37t)36 

7301384 

13.9283883 

5.7889604 

.005154639 

195 

38025 

7414875 

13.90  ;;.:tK) 

5.7988900 

.005128205 

196 

38416 

7529536 

14.0000CK)0 

5.8087857 

.005102041 

197 

88809 

7645373 

14.oa5C088 

5. 818647-9 

.005076142 

198 

39204 

7762392 

14.0715M73 

5.8284767 

.005050505 

199 

39601 

7880599 

14. 1067360 

5.8382725 

.005025126 

200 

40000 

8000000 

14.1421356 

5.8480355 

.005000000 

aoi 

40401 

8120601 

14.1774469 

5.8577660 

.004975124 

202 

40804 

8242408 

14.2126704 

5.{''674ft48 

.004950495 

203 

41209 

8365427 

14.2478068 

5.8771307 

.004926108 

204 

41616 

8489664 

14.2828569 

5.8867C53 

.004901961 

205 

42025 

8615125 

14.3178211 

5.8963685  • 

.004871=049 

206 

4iM36 

8741816 

14.3527001 

5.9069406 

.004854369 

207 

42849 

8869743 

14.3874946 

5.9154817 

.0048£0918 

208 

43264 

8998912 

14.4222051 

5.9249921 

.004807692 

209 

43681 

9129329 

14.4568323 

5.9844721 

.004784689 

210 

44100 

9261000 

.  14.4913767 

5.9439220 

.004761905 

211 

44521 

9393931 

14.5258390 

6.9538418 

.004739336 

212 

44944 

9528128 

14.5602198 

5.9627820 

.004716981 

213 

45309 

9663597 

14.5946195 

5.ir720926 

.001694886 

214 

45796 

9800344 

14,6287388 

5.9814240 

.004672897 

215 

46225 

9938375 

14.6628783 

5.9907264 

.004651163 

216 

46656 

10077696 

14.6969385 

6.0000000 

.004629680 

217 

47089 

10218313 

14.7309199 

6.0092450 

.004608295 

218 

47524 

10360232 

14.7648231 

6.0184617 

.004587156 

219 

47961 

10503459 

14.7986486 

6.0276502 

.004566210 

220 

48400 

10048000 

14.8323970 

6.0368107 

.004545455 

221 

48841 

10798861 

14.8660687 

6.0459485 

.004524887 

222 

49284 

10941048 

14.8996644 

6.C550489 

.004504505 

223 

49729 

11089567 

14.9331845 

6.0641270 

.004484806 

224 

50176 

112394^ 

14.9666295 

6.0731779 

.004464286 

225 

50625 

11390625 

15.0000000 

6. C 822020 

,   .004444444 

226 

51076 

11543176 

15.0332964 

6.0911994 

.00442477^ 

227 

51529 

11697083 

16.0665192 

6.1C01702 

.004405286 

228 

51984 

11852352 

15.0996689 

6.1091147 

.004885965 

229 

62441 

12008989 

15.1327460 

6.1180382 

.004866812 

230 

52900 

12167000 

15.1667509 

6.1269257 

.004347826 

231 

53361 

12326391 

15.1986842 

6.1357924 

.004329004 

232 

53824 

1^487168 

15.2315462 

6.1446337 

,004810845 

233 

54289 

12649^37 

15.2643875 

6.1584495 

.004291845 

234 

54756 

12812904 

15.2970585 

6.1622401 

.0O427a'5O4 

235 

55225 

12977875 

15.8297097 

6.1710058 

.004255319 

236 

55696 

13144256 

15.3622915 

6.1797466 

.004237288 

237 

56169 

13312053  , 

.  15.3948043 

6.1884628 

.004219409 

238 

56644 

13481272 

15.4272486 

6.1971544 

.004201681 

239 

57121 

13651919 

15.4596248 

6.2058218 

.004184100 

240 

57600 

13824000 

15.4919334 

6.2144650 

.004166667 

241 

58081 

13997521 

15.5241747 

6.2230848 

.004149878 

242 

58564 

14172488 

15.5563492 

6.2316797 

.004132231 

243 

59049 

i4smm 

15.5884573 

6.2402515 

.004115226 

244 

59536 

14526784 

15.6204994 

6.2487998 

.004098861 

245 

60025 

14706125 

15.6524758 

6.2573248 

.004081633 

246 

60516 

14886936 

15.(5843871 

6.2658266 

.004065041 

247 

61009 

15069223 

15.7162336 

6.2743054 

.004048583 

\      248 

61504 

15252992 

15.7480157 

6.2827613 

.004032258 

bi8] 


TABLE  XXIU.— SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  RootA. 

Reciprocalfl. 

W 

62001 

15138249 

15.7797338 

6.2911916 

.004016064 

250 

62500 

15025000 

J5.81138»i 

6.2996053 

.004000000 

251 

63001 

15813251 

15.8129795 

6.3079935 

.003984064 

252 

63501 

16003008 

15.8745079 

6.3163596 

.003968254 

253 

61009 

16194277 

15.9059737 

6.3217035 

.003952569 

251 

64516 

16:^87004 

15. 9373775 

6.:33:j0256 

.003937008 

255 

65025 

16581375 

15.9687194 

6.3113257 

.003921569 

256 

65536 

16777216 

16.0000000 

6.3196012 

.00:3906250 

257 

66019 

16U74593 

16.0312195 

6.3578611 

.003891051 

25d 

66561 

17173512 

16.0623784 

6.3660968 

.00.3875969 

259 

67081 

17373979 

16.0931769 

6.3713111 

.00:3861004 

269 

67600 

17576000 

16.1245155 

6.3825013 

.003846154 

261 

68121 

17779581 

16.1564944 

6:3906765 

.003831418 

263 

68614 

17981728 

16.1864141 

6.3988279 

.003816794 

263 

69169 

18101417 

16.2172717 

6.4069585 

.00:3802281 

261 

69696 

18399711 

16.2480768 

6.4150687 

.0a3787879 

265 

70.W5 

18609625 

16.2788206 

6.4231583 

.00:^773585 

266 

70756 

18821096 

16.3095064 

6.4312276 

.003759398 

267 

71289 

19034163 

16.3401346 

6.43JW767 

.003745318 

268 

71824 

19218832 

16.3707055 

6.4473057 

.003731*43 

269 

72361 

19165109 

16.4012195    ■ 

6.4553148 

.003717472 

270 

72900 

19083000 

16.4316767 

6.46.33041 

.003703704 

271 

73111 

199(W511 

16.4620776 

6.4712736 

.003690037 

272 

73981 

20123618 

16.49;M225 

6.4792236 

.00:3676471 

273 

71523 

20316117 

16.5227116 

0.4871511 

.00366.3004 

274 

75076 

20570824 

16.5529454 

6.4950653 

.003649(i35 

275 

75625 

207968  ;'5 

16.5831240 

6.. 502957^2 

.003636361 

276 

76176 

21021570 

16.6132477 

0.5108:300 

.003623188 

277 

76729 

212589:« 

16.6433170 

6.5186839 

.00:3610108 

278 

77281 

21484952 

16.67ai320 

6.5265189 

.003597122 

279 

77811 

21717639 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21952000 

16.7332005 

6. 5421326 

.00.3.571429 

281 

7*8961 

22188011 

16.76;*)5I6 

0.5499116 

.003558719 

2.-fe2 

79521 

224257r)8 

16.7928556 

6.5576722 

.003546099 

283 

80089 

22i)<i5187 

16.82260.38 

6.. 5654144 

.00:3533569 

281 

80656 

2290():)01 

16.85:^)995 

0.. 5731385 

.003521127 

285 

81225 

23119125 

16.8819430 

6.5808443 

.003508772 

286 

81796 

2:«9i«M6 

16.9115345 

6.588.5323 

.003496503 

287 

82309 

2:J6:39iKW 

16.9110743 

6. 5902023 

.0a3 184:321 

288 

82914 

2;«87'K72 

16.9705(527 

6.60:38545 

.003472222 

289 

»3521 

21137509 

17.0000000 

0.6114890 

.003100208 

290 

81100 

21389000 

17.0293861 

6.6191060 

.0a3148270 

291 

84681 

24042171 

17.0587221 

6.6267054 

.003136426 

292 

a3261 

24H97U88 

17.0880075 

6.6:342874 

.00:3424658 

293 

8-)819 

25153757 

17.117XM28 

6.6418522 

.003412969 

291 

864.10 

25112184 

17.1464282 

6.6193998 

.003401301 

295 

8ro>5 

25072;J75 

17.1755640 

6.6569302 

.00:3389831 

296 

87616 

259313'«5 

17.2016505 

6.6(>14437 

.003378378 

297 

88209 

26198073 

17.2.3:36879 

6.6719403 

.003:367003 

298 

88801 

26463-)92 

17.2626765 

6.6704200 

.0033.55705 

299 

89101 

26730899 

17.29^6165 

6.6868831 

.003314482 

300 
301 

90000 

27000000 

17.3205081 

6.6943205 

.00a33a333 

90601 

27270901 

17.349.3516 

6.7017.5a3 

.003322259 

302 

91201 

2754^^608 

17.3781472 

6.7091729 

.00.3311258 

303 

91809 

27'818127 

17.40689.52 

6.7165700 

.003.3C0330 

304 

92116 

28094461 

17.4355958 

6.7239508 

.003289474 

305 

93025 

2837'2625 

17.4642492 

6.7313155 

.00:3278689 

306 

93636 

28652616 

17.49285.57 

6.7386611 

.003267974 

307 

91219 

28931443 

17.52141.55 

6.7459967 

.008257329 

308 

918&1 

21«1H1I2 

17.5499288 

6.7.5:3:31:31 

.00.3iM6753 

309 

95481 

295031529 

17..578;3958 

6.7WM514S 

.003236246 

310 

96100 

29791000 

17.6068169 

6.7678995 

.00322580^ 
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CUBE  ROOTS.  AND  RECIPROCALa 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

311 

9C721 

80080231 

17.6351921 

6.77,51690 

.003215484 

3ia 

97344 

30371328 

17.0035217 

6.7824229 

.003205128 

313 

97909 

3000424)7 

17.6918060 

6.7896613 

.003191888 

314 

985% 

309,59144 

17.7200451 

6.796Mm 

.008184713 

315 

tlilAitArfO 

3125.5875 

17.74823J«3 

6.8040921 

.008174603 

316 

91W56 

31554496 

17.7768888 

6.8112847 

.003164557 

317 

100489 

31855013 

17.8044988 

6.8184020 

.008154574 

818 

101124 

321574:32 

17.8:325545 

6.82,56iM2 

.003144054 

310 

101761 

32461759 

17.8605711 

6.8.327714 

.003134796 

320 

102400 

32768000 

17.8885438 

6.8399037 

.008125000 

3S1 

1080^41 

3:3070161 

17.9164729 

6.W70213 

.008115^65 

sai 

10.^084 

33:386248 

17.9448584 

6  a541240 

.0(^105590 

aa 

104.329 

33698207 

17.9722008 

6.8612120 

.008095975 

3:M 

104976 

340122^4 

18.0000000 

6.8682855 

.00808&120 

3:» 

105025 

»4:328123 

18.0227564^    6.87.5*443 

.008076923 

336 

106276 

34645976 

18.0554701 

6.8823888 

.009067485 

3557 

106929 

a4965783 

18.0a31413 

6.8894188 

.W)80581O4 

328 

107rrfU 

.3.5287552 

18.111/7703 

6.S904.*45 

.Oa3(>4R7'80 

329 

108:m 

35011289 

18.1383571 

6.90*1359 

.0030bU514 

330 

108900 

359.37000 

18.1059021 

0.9104232 

.0OS0GO8OS 

331 

109.>61 

362(>4091 

18.19*10f>4 

6.9173964 

.0030211'8 

3;ij 

1102s^4 

30594308 

18.220807>i 

6.9243.556 

.003(yl2048 

am 

iia«9 

.30J20037 

18.JM82876 

6.931.3008 

.oo:3ooaoa3 

fm 

111.556 

372.59704 

18.27.50009 

6.9:382321 

.002994012 

;«5 

112225 

37.595875 

18.30300.52 

6.9451496 

.002985075 

3:^5 

112896 

37933056 

18.3303028 

6.a520533  -» 

.002976190 

:W7 

11.3.5(39 

,38272753 

18.8575.55)8 

6.9.589484 

.002907a59 

JJ,']8 

114214 

38014472 

18.;3H47703 

6.9058198 

.00295&580 

3:^9 

114921 

38958219 

• 

18.4119526 

0.9726826 

.002949853 

340 

imm 

39304000 

18.4.390889 

6.9795.321 

.002941176 

341 

110281 

.39051821 

18.406185:3 

6.986.3081 

.002932551 

342 

110904 

40001088 

18.49:3SM20 

0.9931906 

.00292:3977 

34:3 

117049 

40:3.5.3007 

18.5202592 

7.0000000 

.0029154.52 

:i44 

118;J.30 

40707»^ 

18.54?2370 

7.0067963 

.002900977 

315 

119025 

4100,%25 

18.. 5741750 

7  01.35791 

.002898551 

a46 

iitmo 

41421736 

18.0010752 

7.020*490 

.00289017^ 

347 

120409 

417-81923 

18.0279300 

7.0271058 

.002881844 

348 

121104 

42144192 

18.0.547.581 

7.0:3:3^97 

.00287a563 

349 

121801 

42508.549 

18.0815417 

7.040.5806 

.002865330 

350 

122.500 

4287.5000 

18.7083809 

7.0472987 

.00Sa57148 

JJol 

12:3201 

4;35M:3551 

18.7*49940 

7.0540041 

.002849008 

:^52 

12.3904 

43(514208 

18.70106:30 

7.0606967 

.002840909 

}J53 

15^4009 

43980977 

18.7882<.>42 

7.0678767 

.002832861 

s:a 

12.5310 

44301864 

18.814«877 

7.0740440 

.002824859 

355 

120025 

44738875 

18.R414437 

7.0806988 

.002810901 

,350 

120730 

45118016 

18.8079023 

7.0873411 

.002808989 

.357 

127449 

4'M99293 

18.89444:38 

7.0939709 

.002801120 

a58 

128101 

45882712 

18.920887'9 

7.1005885 

.002793296 

a59 

128881 

40208279 

18.94729.-53 

7.1071937 

.002785515 

300 

1 29(500 

460.56000 

18.97.30000 

7.1137866 

.002777778 

301 

];K).J21 

47045881 

19.0000000 

7.1208674 

.002770088 

302 

131041 

474437928 

19.0202970 

7.1209860 

.002762431 

30.3 

131709 

478:32147 

19.052.5589 

7.1334925 

.002754821 

30-t 
3(55 

1.3:^490 
1.3.3225 

48228544 
48027125 

19.0787840 
19.1049732 

7.1100370 
7.1405695 

.00274?253 
.002739726 

300 

13;J9.56 

49027896 

19.1311205 

7. 15:30901 

.002732240 

307 
308 

i:W089 
l:i>424 

494:30863 
498:30032 

19.1572441 
19.18.3:3201 

7.1,59.5988 
7.10009.57 

.002724796 
.002717391 

809 

130101 

5024*409 

19.2093727 

7.17'26809 

.002710027 

370 

1.30900 

500,53000 

19.2.3.5,3.^41 

7.]79a>44 

.002702708 

371 

137041 

51064811 

19.261:3003 

7.ia55162 

.002695418 

■•-■% 

138.384 

r             1 

51 478^48 

19. 2873015 

.7.1919663 

.003688172 
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TABLE  XXIII, -SQUARES,  CUBES,  SQUARE  ROOTS, 


Ko. 

Squares. 

Cubes. 

Square 
Roots. 

913 

189129 

61895117 

19.3132079 

S74 

139876 

52313024 

19.3390796 

»75 

1406^5 

52734375 

19.3649167 

876 

141370 

53157376 

19.3907194 

877 

142129 

53582633 

19.4164878 

3718 

142884 

54010152 

19.4422221 

87» 

143641 

54439939 

19.4679:5123 

880 

144400 

54872000 

19.4935887 

881 

145161 

55306341 

19.5192213 

88e 

145924 

55742908 

19.5448203 

883 

146689 

66181887 

19.5703858 

884 

147456 

56628104 

19.5959179 

885 

148225 

67066625 

19.6214169 

886 

148996 

67512456 

19.W68827 

887 

149769 

57960603 

19.6723156 

388 

150544 

5811  lOra 

19.6977156 

889 

151321 

58863869 

19.7230629 

sgo 

152100 

69319000 

19.7484177 

3»1 

152881 

69776471 

19.7737199 

392 

153664 

60236288 

19.7969899 

398 

154449 

60698457 

19.8242276 

894 

155236 

61162984 

19.8494332 

805 

156025 

61629875 

19.8746069 

396 

1568] 6 

62099136 

19.8997487 

3!^ 

157009 

62570773 

19.9248588 

3U8 

Ibi^m 

63044792 

19.9499373 

3i>9 

159201 

63521199 

19.9749844 

400 

160000 

64000000 

20.0000000 

401 

160801 

64481201 

20.0249844 

408 

161004 

64961808 

20.0499377 

403 

102409 

65450827 

20.0748599 

404 

103216 

65939264 

20.0997512 

405 

164025 

66430125 

20.1^6118 

406 

161836 

66923416 

20.1494417 

407 

165649 

67419143 

20.1742410 

408 

166464 

07917312 

20.1990099 

409 

167281 

68417929 

20.2237484 

410 

168100 

68921000 

20.2484507 

411 

168921 

69426531 

20.2731349 

412 

169744 

69984528 

20.2977831 

418 

170569 

70444997 

20.3224014 

414 

171396 

70957944 

20.3469899 

415 

i;2225 

71473375 

20.3715488 

416 

i7:ior)6 

71991296 

20.3960781 

417 

173889 

72511713 

20.4205779 

418 

174724 

7;J034032 

20.4450483 

419 

175r.61 

73560059 

20.4094895 

420 

176400 

74088000 

20.4939015 

431 

177^1 

74018461 

20.5182845 

422 

178084 

75151448 

20.5420386 

423 

1?«929 

75086967 

20.56(59638 

424 

179776 

,6225024 

20  591200:3 

425 

180625 

76765625 

20.6155281 

426 

181476 

77808776 

20.6397674 

427 

182329 

778.S4483 

20.603978:3 

428 

183184 

78402752 

20.6881(509 

429 

184041 

.78953589 

20.7123152 

430 

lft4900 

79507000 

20.7304414 

481 

185761 

80(Hi2991 

20.7005395 

432 

186624 

80021508 

20.7840097 

483 

187489 

81182737 

20.8086520 

434 

188356 

81746604 

20.8320007 

Cube  Roots. 


7.1984050 
7.2048322 
7.211247'9 
7.2176522 
7.2;^O150 
7.2304268 
7.2367972 

7.2481565 
7.2495045 
7.2558415 
7.2621675 
7.2684824 
2747864 
2810794 
2878617 
2936830 
2998936 


7.8061486 
7.3123^28 
7.3186114 
7.3248295 
7.3310369 
7.33723;39 
7.3484205 
7.8495966 
7.3557624 
7.3619178 

7.8680630 
7.3741979 
7.8C08227 
7.8864873 
7.3926418 
r. 3986808 
7.4047206 
7.4107950 
7.41C8595 
7.4229142 

7.4289589 
7.4849938 
7.4410189 
7.4470842 
7.4530399 
7.4590359 
7.4650223 
7.4709991 
7.4709664 
7.4829242 

7.4888724 
7.4948113 
7.5007406 
7.5066C07 
7.5125715 
7.6184730 
7.5248652 
7.5302482 
7.6361221 
7.5419867 

7.5478423 

7.5586888 
7.5595203 
7.5to'>48 
7.5711743 


Reciprocals. 


.002680965 
.002(i73797 
.002006667 
.002659574 
.002652520 
.002645503 
.002638522 

.002681579 

.002624672* 

.002617801 

.002610966 

.002604167 

.002597403 

.002590674 

.002583979 

.002577320 

.002570694 

.002564103 
.002557545 
.0025.51020 
.002544529 
.002538071 
.002531646 
.00^525253 
.002518892 
.002512563 
.002506266 

.002600000 
.002493766 
.002487562 
.002481390 
.002475248 
.002409136 
.002403054 
.002457002 
.002450980 
.002444988 

.002439024 
.002433090 
.002427184 
.002421308 
.002415459 
.002409639 
.002403846 
.002398082 
.002392344 
.002880635 

.002880952 
.002375297 
.002869668 
.0023640(56 
.002a58491 
.002352941 
.002847418 
.002841920 
.002330449 
.002331002 

.002325581 
.002820186 
.002314815 
.002309409 
.002304147 
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CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Recipro"  Js. 

435 

189225 

82312875 

90.8566536 

7.5769849 

.002298851 

486 

190096 

82881856 

30.8806130 

7.5827865 

.002293578 

437 

190969 

8:i45345:i 

20.9045450 

7.5885793 

.0022«:i30 

-438 

191844 

8402*672 

30.9284495 

7.5943633 

.002383105 

439 

192?21 

&4604519 

30.9523268 

7.6001385 

.002277904 

440 

ia3600 

85184000 

20.9761770 

7.6059049 

.002272727 

441 

194481 

85766121 

21.0000000 

7.6116026 

.002267574 

.442 

195364 

86350888 

21.0237960 

7.6174116 

.002262443 

443 

196249 

86988307 

21.0475652 

7.6231519 

.002257336 

444 

197136 

87528:*^ 

21 .0713075 

7.6288837 

.002252252 

445 

198025 

88121125 

21.0950231 

7.6346067 

.002247191 

446 

198916 

88716536 

21.1187121 

7.6403213 

.002242152 

447 

199809 

89314623 

21.142:3745 

7.6460272 

.002237133 

448 

200704 

89915392 

21.1660105 

7.6517247 

.002232143 

449 

201601 

90518849 

21.1896201 

7.6574133 

.002227171 

450 

202500 

91125000 

21.2132034 
21.2367606 

7.6630943 

.002222222 

451 

203401 

91733851 

7.6687665 

.002217295 

452 

204304 

92345408 
929o9077 

21.2602916 

7.6744303 

.002212389 

453 

205209 

21.2837967 

7.6800857 

.002207506 

454 

206116 

93576664 

21.3072758 

7.6857328 

.002202643 

455 

207025 

94196375 

21.3307290 

7.6913717 

.002197802 

456 

2079;i6 

D4818816 

51.3541565 

7.6970023 

.002192982 

457 

208849 

95443993 

21 .3775583 

7.7026246 

.002188184 

458 

209764 

900n912 

21.4009316 

7.7082388 

.00218^400 

459 

210681 

96702579 

21.4242853 

7.7138448 

.002178649 

460 

211600 

97336000 

21.4476106 

7.7194426 

.002173913 

461 

212521 

97972181 

21.4703106 

7.7250325 

.002169197 

462 

213444 

98611128 

21.4941853 

7.7306141 

.002164502 

463 

214369 

99252847 

21.5174348 

7.7361877 

.002159827 

464 

215.296 

99897344 

21.5400592 

7.7417532 

.002155172 

465 

216225 

100544625 

21.5638587 

7.7473109 

.002150538 

466 

217156 

101194690 

21.5870831 

7.7528606 

.002145928 

4<}7 

218089 

101847563 

21.6101828 

7.7584023 

.002141328 

468 

219024 

10250J3232 

21.63330';7 

7.7639361 

.002136752 

469 

219961 

103161709 

21.6564078 

7.7694620 

.002132196 

470 

220900 

103823000 

21.6794834 

7.7749801 

.002127660 

471 

221841 

104487111 

21.7025344 

7.7804904 

.002123142 

472 

222784 

105154048 

21.7255610 

7.7859928 

.002118644 

473 

223729 

10r,823817 

21.7485632 

7.7914875 

.002114165 

474 

224676 

106496424 

21.7715411 

7.7969745 

.002109705 

475 

225625 

107171875 

21.7944947 

7.8024538 

.002105263 

476 

226576 

107850176 

21.8174242 

7.8079254 

.002100840 

477 

227529 

108531333 

21.8403297 

7.8133892 

.003096436 

478 

228484 

109215352 

21  8632111 

7.8188456 

.002092050 

479 

229441 

109902239 

21.8860086 

7.8242942 

.003087683 

480 

230400 

110592000 

21.9089023 

7.8297353 

.003088333 

481 

231361 

111284641 

21.9317122 

7.8.351688 

.002079002 

482 

232324 

111980168 

21.9M4984 

7.8405949 

.003074689 

4a3 

2:33289 

112678587 

21.977^10 

7.8460134 

.003070393 

484 

234256 

113379904 

22.0000000 

7.8514244 

.003066116 

485 

2*5225 

114084125 

22.0227155 

7.&'568281 

.003061856 

486 

236196 

114791256 

22.0454077 

7.8622242 

.003057613 

487 

237169 

115501303 

22.0680765 

7.8676130 

.003053388 

488 

238144 

1162142^*2 

22.0907220 

7.8729944 

.003049180 

489 

239121 

116930169* 

22.1133444 

7  8783684- 

.003044990 

490 

240100 

117649000 

22.ia")9436 

7.8837352 

.003040816 

491 

2U081 

118370771 

22  15a51()8 

7.8890946 

.003036660 

492 

242064 

119095488 

22.1810730- 

7.89t416S 

.002032520 

493 

243049 

119823157 

22.203(K)33 

7.8997917 

.003028398 

494 

244036 

120553784 

22.2261108 

7.9051294 

.002034291 

495 

245025 

121287:375 

22.S4a59.->5 

7.9104599 

.003020902 

^ 

240016 

12202;39;36 

22.2710575 

7.9157832 

.002016129 
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TABLE  XXin.— SQUARES,  CUBES,  SQUARE  ROOTS, 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cub©  Roots. 

497 

217009 

122763473 

22.2934968 

7.9210994 

498 

248004 

123505992 

22.3159136 

7.9264085 

499 

249001 

124251499 

23.3383079 

7.9317104 

500 

^0000 

125000000 

22.3606798 

7.9370053 

501 

251001 

125751501 

22.3830298 

7.9422931 

502 

252.504 

126506008 

22.4053565 

7.9475789 

503 

253009 

127263527 

22.4276615 

7.9528477 

504 

254016 

128024064 

22.4499443 

7.9581144 

505 

255035 

128787625 

22.4722051 

7.9633743 

506 

256036 

129554216 

22.4944438 

7.9686271 

507 

257049 

130323843 

22.5166605 

7.9738781 

508 

258064 

131096512 

22.5388553 

7.9791122 

509 

259081 

131872229 

22.5610283 

7.9843444 

510 

260100 

132651000 

22.5831796 

7.9895697 

511 

261121 

133432831 

22.6053091 

7.9947883 

512 

262144 

134217728 

22.6274170 

8.0000000 

513 

263169 

135005697 

22.6495033 

8.0052049 

514 

264196 

135796744 

22.6715681 

8.0104032 

515 

265225 

136590875 

22.6936114 

8.0155946 

516 

266256 

137388096 

22.7156834 

8.020Y794 

517 

26?289 

138188413 

22.7376340 

8.0259574 

516 

268324 

18899ia^ 

22.7596134 

8.0311287 

519 

269361 

139798359 

22.7815715 

8.0362935 

520 

270100 

140608000 

22.8035085 

8.0414515 

521 

271441 

141420761 

22.8254244 

8.0466030 

522 

272484 

142236648 

22.8473193 

8.a517479 

523 

273529 

143055667 

22.8691933 

8.0568862 

5U 

274576 

14'38';V824 

22.8910463 

8.0620180 

525 

275625 

144703125 

22.9128785 

8.0671432 

526 

276676 

145531576 

22.9346899 

8.0722620 

527 

27r?29 

1463613183 

22.9564806 

8.077-3743 

528 

278784 

147197952 

22.9782506 

8.0824800 

529 

279841 

148035889 

23.0000000 

8.0875794 

»» 

280900 

148877000 

23.0217289 

8.0026723 

531 

281961 

149721291 

23.04^34:372 

8.0977589 

532 

283024 

150568708 

2^3.0651252 

8.102a390 

nsB 

284089 

151419437 

23.0807928 

8.1079128 

534 

285156 

152273304 

23.1084400 

8.1129808 

535 

286225 

153130375 

23.1800670 

8.1180414 

536 

287296  - 

153990656 

23.1516738 

8.1230962 

537 

288369 

154854153 

23.1732605 

8.1281447 

53S 

289444 

155720872 

23.1948270 

8.1331870 

539 

,  290521 

.156590819 

23.2163735 

8.1382230 

540 

*  291600 

157464000 

23.2379001 

8.1432529 

541 

292681 

158340421 

23.2594067 

8.1482765 

r>42 

293764 

159220088 

23.2808935 

8.1532939 

543 

294849 

160103007 

23.3023604 

8.1583051 

514 

2959:36 

1609891&4 

23.3288076 

8.1(533102 

M5 

297025 

161878625 

23.3452351 

8.1683092 

516 

298116 

162771336 

23.3666429 

8.1733020 

547 

299209 

163667323 

23.3880311 

8.1782888 

548 

300304 

164566592 

23.4093998 

8.1832695 

549 

301401 

165469149 

28.4307490 

8.1882441 

550 

802500 

166375000 

23.4520788 

8.1932127 

551 

803601 

167284151 

23.4738892 

8.1981753 

552 

804704 

168196608 

23.4946802 

8.2a31319 

553 

805809 

169112377 

23.5159520 

8.2080825 

554 

306916 

170031464 

23.53?2046 

8.2130271 

556 

808025 

170953875 

23.5584380 

8.2179657 

556 

809136 

171879616 

23.5796522 

8.2228985 

657 

810249 

1728aS693 

23.6008474 

8.2278254 

558 

8113&4 

173741112 

23.6220236 

8.2337463 

Reciprocals. 


.002012072 
.002008032 
.002004008 

.002000000 
.001996008 
.001992032 
.001988072 
.001984127 
.001980198 
.0019762a5 
.001972387 
.001968504 
.001964037 

.001960784 
.001956947 
.001953125 
.001949:318 
.001945525 
.001941748 
.001937984 
.001934236 
.001930502 
.001926782 

.001923077 
.001919386 
.001915709 
.001912046 
.001908897 
.001904762 
.  00191  >:  141 
.001897533 
.001893939 
.001890359 

.001886792 
.001883239 
.001879699 
.001876173 
.001872659 
.001869159 
.001865672 
.0'n862197 
.0018.58736 
.001855288 

.001851852 
.001848429 
.001&45018 
.001&41621 
.0018382:35 
.001834862 
.001831502 
.001828154 
.001824818 
.001821494 

.001818182 
.001814882 
001811594 
.001808318 
.00l805a54 
.001801802 
.001798561 
.001795332 
.001792115 
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CUBE  ROOTS,  AND  RECIPROCAIA 


No. 


659 

560 
561 
563 
563 
564 
565 
566 
567 
568 
569 

570 
571 
572 
573 
574 
575 
576 
677 
578 
679 

580 
581 
582 
583 
581 
585 
586 
587 
588 
589 

590 
591 
592 
593 
594 
595 
596 
597 
598 
599 

600 
601 
602 
003 
604 
605 
606 
607 
608 
609 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
>30 


3q[UAres. 


812481 

313600 
314721 
315814 
316969 
318096 
3192^ 
320356 
321489 
322624 
323761 

324900 

326041 
327184 
328329 
329476 
330625 
331776 
a32929 
334084 
335241 

336400. 

337561 

338724 

839889 

341056 

342225 

34;3396 

844569 

345744 

846921 

348100 
349281 
350464 
351649 
352836 
354025 
^55216 
356409 
357604 
358801 

360000 
361201 
362404 
363609 
304816 
866025 
367236 
368449 
369664 
370881 

372100 
373321 
874544 
875769 
376996 
378225 
379456 
380089 
381924 
383161 
3&4400 


Cubes. 


Square 
Hoots. 


174676879 

175616000 
176568481 
177504328 
17i^453547 
179406144 
180:^62125 
181321496 
182284263 
18;i250432 
1H42200U0 

185193000 
186169411 
187149248 
188132517 
189119224 
190109375 
191102976 
192100033 
193100552 
194104539 

195112000 
196122941 
197137368 
198155287 
199176704 
200201625 
201230056 
2022620a3 
2032974?2 
204336469 

205379000 
206425071 
207474688 
20S527'857 
20^584584 
210644875 
211708736 
212776173 
213847192 
214921799 

216000000 
217081801 
218167208 
219256227 
220348864 
221445125 
222545016 
223648543 
224755712 
225866629 

226981000 
228099131 
229220928 
230346397 
231475544 
232608375 
283744896 
234885113 
236029032 
237176659 
238328000 


23.6481806 

23.6648191 
23.6854886 
23.7066892 
23.^276210 

23.7486842 
23.7697286 
23.7907545 
28.8117618 
23.8327506 
2u.853?i09 

23.8746728 
28.8956063 
28.9166215 
28.9374184 
28.9582971 
23.9791576 
24.0000000 
^.0206243 
24.0416306 
24.0624188 

24.0881891 
24.1039416 
34.1246762 
24.1458929 
24.1660919 
24.1867732 
24.2074869 
24.2280829 
24.2487113 
24.2693222 

24.2899156 
24.3104916 
24.3810501 
24.3515913 
24.3721152 
24.3926218 
24.4131112 
24.4335834 
24.4540E85 
24.4744765 

24.4948974 
24.5153013 
24.5a56883 
24.5560583 
24.5764115 
24.5967478 
24.6170673 
24.6;i78400 
24.6576560 
24.6779254 

24.6981781 
24.7184142 
24.r386838 
24.7588868 
24.7790234 
24.7991935 
24.8193473 
24.8394847 
24.a596058 
24.8797106 
24.8997992 


Cube  Roots. 


8.2876614 

8.2425706 
8.2474740 
8.2623715 
8.2573633 
8.2621492 
8.2670294 
8.2719039 
8.2767726 
8.2816355 
8.2864928 

8.2918444 

8.2961903 
8.6010804 
8.3058651 
8.8106941 
8.3155175 
8.8208853 
8.3251475 
8.8299542 
8.8847553 

8.3S95509 
8.3448410 
8.8491256 
8.a';89047 
8.3586784 
8.S634466 
8.86^a095 
8.3729668 
8.3777188 
6.8824653 

8.3872065 
8.3919428 
.b906729 
.•i01S981 
8.4061180 
8.4108326 
8.4155419 
8.4202460 
8.4249448 
8.4296888 

8.4348267 
6.4390098 
8.4436877 
6.4488605 
8.4580281 
8.4576906 
8.4628479 
8.4670601 
8.4716471 
8.4762892 

8.4809261 
8.4855579 
8.4901848 
8.4948065 
8.4994233 
8.5040350 
8.5066417 
8.5132435 
8.5178403 
8.5224321 
8.5270189 


8. 
8. 


n 


Reciprocals. 


.001788909 

.001785714 

.001782531 

001779359 

001776199 

.001773050 

,001769912 

.0017  667M 

.001763668 

0017605C3 

.001757469 

.001754386 
.001751313 
.0017482.52 
.001745201 
.001742160 
.001739130 
.001736111 
.0017^102 
.001730104 
.601727116 

.001724138 
.001721170 
.001718213 

.0<J17 15266 
.001712329 
.001709102 
001706485 
.001703578 
.001700680 
.001697793 

.001694915 
.001692047 
.001689189 
.001686341 
.001688502 
00168067^2 
.001677852 
.001675042 
.001672241 
.001669449 

.001666667 
.0Q166S894 
.001661130 
.001658375 
.001C55629 
.001652893 
.001650165 
.001647446 
.001644737 
.001642086 

.001639344 
.001636661 
001633987 
001631821 
.001628664 
.001626016 
.001628377- 
.001620746 
.001618123 
.001616509 
.001612903 
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TABLE  XX1II.-SQUARES,  CUBES,  SQUARE  ROOTS, 


1 


No. 


e2i 

6^ 
6J3 
624 
625 
626 
637 
628 
629 

630 
631 
6:i2 
633 
634 
635 
636 
&37 
638 
639 

610 
641 
642 
643 
644 
645 
646 
647 
648 
649 

650 
651 
652 
653 
654 
655 
656 
657 
658 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
669 

670 
671 
672 
673 
674 
675 
676 
677 
678 
679 

680 
681 
682 


Squares. 


385641 
386884 
388129 
389376 
390625 
391876 
393129 
391384 
395641 

396900 
398161 
399424 
400689 
401956 
403225 
401496 
405769 
407044 
408321 

409600 
410881 
412164 
413449 
414736 
416025 
417316 
418609 
419904 
421201 

422500 
428801 
425104 
426409 
427716 
429025 
430330 
431649 
432964 
431281 

4a5600 
436921 
438244 
439569 
440896 
442225 
443556 
444889 
446224 
447561 

448900 

450241 

451584 

452929 

454276 

455625 

456976 

458:329 

459684  • 

461041 

463400 
463761 
465124 


Cubes. 

Square 
Hoots. 

Cube  Roots. 

239483061 

24.9198716 

8.5316009 

240641848 

24.9399278 

8.5361780 

241804867 

24.9599679 

8.5407501 

242970624 

24.9799920 

8.5453173 

244140625 

25.0000000 

8.5498797 

245314376 

25.0199920 

8.b544372 

246491883 

25.0399681 

8.5589899 

247673152 

25.0599282 

8.5635377 

248858189 

25.0798724 

8.5680807 

250047000 

25.0998008 

8.5726189 

251239591 

25.1197134 

8.5771523 

252435968 

25.1396102 

8.5816809 

253636137 

25.1594913 

8.5862047 

254840104 

25.1793566 

8.5907238 

256047875 

25.1992063 

8.5952380 

257259456 

25.2190404 

8.5997476 

258474853 

25.2388589 

8.6042525 

259694072 

25.2586619 

8.6087526 

260917119 

25. 27*8 1493 

8.6132480 

9a?144000  - 

25.2982213 

8.617T388 

263374721 

25.3179778 

8.6222248 

264609288 

25.3377189 

8.6267063 

265847707 

25.3574447 

8.6311830 

267089981 

25.3771551 

8.6356551 

268*36125 

25.3968502 

8.6401226 

269586136 

25.4165301 

8.6445855 

270840023 

25.4361947 

8.6490437 

272097792 

25.4558441 

8.6534974 

273359149 

25.4754784 

8.6579465 

274625000 

25.4950976 

8.6628911 

275894451 

25.5147016 

8.6668310 

277167808 

25.5342907 

8.6712665 

27844W77 

25.5538647 

8.6756974 

279726264 

25.5734237 

8.6801237 

281011375 

25.5929678 

8.6845456 

282300416 

25.6124969 

8.6889630 

283593393 

25.6820112 

8.6933759 

284890312 

25.6515107 

8.69';7843 

286191179 

25.6709963 

8.7021882 

287496000 

25.6904652 

8.7065877 

288804781 

25.7099203 

8.7109827 

290117528 

25.7293607 

8.7153734 

291434247 

25.7487864 

8.7197596 

292754944 

25.7681975 

8.7241414 

294079625 

25.7875939 

8.7285187 

295408296 

25.8069758 

8.7328918 

296740963 

25.8263431 

8.7372604 

2980776J32 

25.8456960 

8.7410^6 

299418309 

25.86.50343 

8.7459846 

30»763000 

25.884a582 

8.7503401 

302111711 

25.9086077 

8.7546913 

30^64448 

25.9229628 

8.7590883 

304821217 

25.94224.35 

8.7633809 

306182024 

25.9615100 

8.7677192 

307546875 

25.9807031 

8.7720532 

308915776 

2(5.0000000 

8.7763830 

310288733 

26.0192237 

8.7807084 

311665752 

26.0384381 

8.7850296 

313046830 

£0.0576284 

8.7893166 

314432000 

26.0768006 

8.7936593 

315821241 

20.0959767 

8.7979679 

317214568 

20.1151297 

8.8022721' 

Reciprocal^. 


001610306 
001607717 
001605136 
001602564 
001600000 
001597444 
001594896 
001592357 
001589825 

001587302 
001584780 
001582278 
001579779 
001577287 
001574803 
001.572327 
001569859 
001567398 
001564945 

001562500 
001500062 
001557632 
001.555210 
001552795 
001550388 
001547988 
001545595 
001543210 
001540832 

001538462 
001536098 
001533742 
001531394 
001529052 
001526718 
001524390 
001.522070 
001.519757 
001517451 

001515152 
001512859 
001510574 
001508296 
001506024 
001503759 
001501502 
001499250 
001497006 
001494768 

001492587 
001490813 
001488095 
0014858&4 
001483680 
001481481 
001479290 
001477105 
001474926 
001472754 

00147058a 
001468429 
001 4(56276 
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CUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

683 

466489 

318611987 

6*i 

467"856 

320013504 

685 

469225 

321419125 

686 

470596 

32K2828856 

687 

471969 

324242703 

688 

473344 

32566067'2 

689 

474721 

327082709 

690 

476100 

32850iXX)0 

691 

477481 

329939371 

692 

478864 

331373888 

693 

480249 

332812557 

694 

481630 

33^4255384 

695 

483025 

3:35702375 

696 

484416 

33715:^36 

697 

485809 

3:38608873 

698 

487204 

340068392 

699 

488601 

341532099 

700 

490000 

343000000 

701 

491401 

34-4472101 

702 

492804 

345948408 

703 

494209 

347428927 

704' 

495616 

348913664 

705 

497025 

850402625 

706 

498436 

351895816 

707 

499819 

353393243 

708 

501264 

3&4894912 

709 

502681 

356400829 

710 

501100 

a57911000 

711 

505521 

a59425431 

712 

506944 

360944128 

713 

508369 

362467097 

714 

509796 

36:3994344 

715 

511225 

365525875 

716 

512656 

367061696 

717 

514089 

368601813 

718 

515524 

370146232 

719 

616961 

371694959 

720 

518400 

373248000 

721 

519841 

374805361 

722 

521284 

376367048 

723 

522729 

377933067 

'm 

5^176 

379503424 

725 

525625 

381078125 

726 

527076 

382657176 

727 

528529 

384240583 

728 

529984 

385828a52 

729 

531441 

387420489 

730 

532900 

389017000 

731 

5:^4361 

390617891 

732 

5a5824 

392223168 

73;^ 

53?289 

393833837 

734 

5;«756 

395446904 

735 

540^25 

397065375 

736 

541G96 

398688256 

737 

54;il69 

400315553 

738 

544644 

401947272 

739 

546121 

403583419 

740 

547600 

405224000 

741 

549081 

406869021 

742 

5.50564 

408518488 

743 

552049 

410172407 

744 

553536 

4118:30784 

Square 
Roots. 

Cube  Roots.  Re 

cipi'ocals. 

26.13420:7 

8.8065722    .  . 

001464129 

26.1533937 

8.8108681 

001461988 

20.1725047 

8.8151598 

0014598&4 

26.1916017 

8.8194474 

001457726 

26.2106W8 

8.8237307 

001455604 

26.2297541 

8.8280099 

00145:^488 

26.2488095 

8.8322850 

001451379 

26.2678511 

8.8365559 

001449275 

26.2868789 

8.&408227 

001447178 

26.:3058929 

8.8450854 

001445087 

26.3248932 

8.8498440 

001443001 

26.3438707 

8.8535985 

001440922 

26.3628527 

8.8578489 

001438849 

26.3818119 

8.8620952 

001436782 

26.4007576 

8.8663375 

0014*4720 

26.4196896 

8.8705757 

001432665 

36.4386081 

8.8748099 

001430615 

26.4575131 

8.8790400 

001428571 

26.4764046 

8.8832661 

001426534 

26.4952826 

8.8874882 

001424.501 

26.5141472 

8.8917063 

001422475 

26.5320983 

8.8959204 

001420455 

26.5518361 

8.9001304 

001418440 

26.5706605 

8.9043866 

001416431 

26.5894716 

8.9085387 

001414427 

26.6082694 

8.9127369 

00141:^29 

26  6270539 

8.9169311 

001410437 

26.6458252 

8.9211214 

001408451 

26.6645833 

8.9253078 

001406470 

26.6833281 

8.9294902 

001404494 

26.7020598 

8.9336687 

001402525 

26.7207784 

8.9378433 

001400560 

26.7394839 

8.9420140 

001398601 

26.7581763 

8.9461809 

001396648 

26.7768557 

8.9503438 

001394700 

26.7955220 

8.9545029 

.001392758 

26.8141754 

8.9586581 

.001300821 

26.8328157 

8.9628095 

001388889 

26.8514432 

8.9669570 

.  1.01386963 

26.870057T 

8.9711007 

.001385042 

26.8886593 

8.9762406  *  . 

.001383126 

26.9072481 

8.9793766 

.001381215 

26.9258240 

8.9835089 

.001379310 

26.9443872 

8.9876373. 

.001377410 

26.9629375 

8.9917620 

.001375516 

26.9814751 

8.9958829 

.001373626 

27.0000000 

9.0000000 

.001371742 

27.0185122 

9.0041134 

.001369863 

27.0370117 

9.0082229 

.001367989 

27.05549a5 

9.01^3288 

.001366120 

27.0739727 

9  01^4309 

.001364256 

27.0924344 

9!0205293 

.001362398 

27.11088:34 

9.0246239 

.001860544 

27.1293199 

9.0287149 

.001358696 

27.1477439 

9.0328021 

.001356852 

27.1661554 

9.0368857 

.001355014 

27.1815544 

9.0409655 

.001358180 

27.2029410 

9.0450419  • 

.001351351 

27.2213152 

9.0491142 

.00ia49528 

27.2:396769 

9.0531831 

.0013477t)9 

27.2580263 

9.0572482 

.0013468a5 

27'.27636:« 

9.0613098 

.001344086 
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TABLE  XXIII.-SQUARES,  CUBES,  SQUARE  ROOTS; 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

745 

555025 

413193625 

^.2946881 

9.0653677 

.001342282 

746 

556516 

415160936 

27.3130006 

9.0694220 

.001340483 

747 

558009 

416832723 

27.3313007 

9.07*4726 

.001338688 

743 

559504 

418508992 

•27.3495887 

9.0775197 

.001336898 

749 

561001 

420189749 

27.3678644 

9.0815631 

.001835113 

750 

562500 

421875000 

27.3861279 

9.0856030 

.001333333 

rei 

564001 

423564751 

27.4043792 

9.0896392 

.»•]  331558 

752 

565501 

425259008 

27.4226184 

9.0936719 

.001329787 

753 

567009 

426957/77 

27.4408455 

9.0977010 

.001328021 

754 

568516 

4286610(>1 

27.4590604 

9.1017265 

.001326260 

755 

570025 

430368875 

27.4772633 

9.1057485 

.001324503 

756 

571536 

432081216 

27.4954542 

9.1097669 

.001322751 

757 

573049 

483798093 

•  27.5136330 

9.1137818 

.001321004 

758 

574564 

435519512 

27.5317998 

9.1177931 

.001319261 

759 

576081 

437215479 

27.5499M6 

9.1218010 

.001317523 

760 

577600 

438976000 

27.5680975 

9.1258053 

.001315789 

761 

579121 

440711081 

27.5862284 

9.1298061 

.001314060 

762 

580644 

442450728 

27.604»475 

9.1338034 

.001312336 

763  • 

582169 

444194947 

27.62  4546 

9.1377971 

.COl 310616 

764 

583696 

445943744 

27.fr405499 

9. 141 7874 

.001308901 

765 

585225 

447697125 

27.6586334 

9.1457742 

.00130n90 

766 

586756 

449455096 

27.6767050 

9.1497576 

.001305483 

767 

588289 

461217663 

27.6947648 

9.1537375 

.001308781 

768 

589824 

452984832 

27.7128129 

9.1577139 

.001302083 

769 

591361 

464756609 

27.7-308492 

9.1616869 

.001300390 

rro 

502900 

456533000 

27.7488739 

9.1656565 

.001298701 

771 

594441 

458314011 

27.7668868 

9.1696225 

.001297017 

7ra 

595984 

460099648 

27.7848880 

9.1735852 

.001295337 

773 

597529 

461889917 

27.8028775 

9.1775445 

.00129:^661 

774 

599076 

463084824 

27.8208555 

9.1815003 

.001291990 

775 

600625 

46.'>484375 

27.8388218 

9.1854527 

.001290323 

776 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1933474 

.001287001 

TTS 

605284 

470910952 

27.8926514 

9.1972897 

.001285:^47 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001283697 

780 

608400 

474552000 

27.9284801 

9.2051641 

.0012S2051 

781  - 

609961 

476379541 

27.9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2180250 

.001278772 

783 

613089 

480048687 

27.9821372 

9.2169505 

.001277139 

784 

614656 

481890804 

28.0000000 

9.2208?26 

.001275510 

'J'85 

616225 

4S5?36625 

28.0178515 

9.2247914 

.001273885 

■^6 

617796 

485587656 

28.0356915 

9.2s:87068 

.001272265 

787 

619369 

48744*403 

28.0535203 

9.2326189 

.001270648 

788 

620944 

489:W3872 

28.0713377 

9.2365277 

.001269036 

789 

622521 

491169069 

28.0891438 

9.2404333 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2448355 

.001265823 

791 

625681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

627264 

4967aS088 

28.14^946 

9.2521800 

.001262626 

793 

628849 

498677257 

28.1602557 

9.2560224 

.001261034 

794 

630436 

500566184 

28.1780056 

9.2599114 

.001259446 

795 

632025 

502459875 

28.1957444 

9.2637973 

.001257862 

796 

633616 

504358336 

28:2134720 

9.2676798 

.001256281 

797 

635209 

506261573 

28.2311884 

9.2715592 

.001254705 

798 

636804 

508169592 

28.2488938 

9.2754352 

.001253133 

799 

638401 

510082399 

28.2665881 

9.2793081 

.001251564 

800 

610000 

512000000 

28.2842712 

9.2831777 

.001250000 

801 

641601 

513922401 

28.30194*4 

9.2870440 

.001248439 

802 

frl3204 

515849608 

28.3196045 

9.290{K)72 

.0012468a3 

803 

644809 

517781627 

28.. ^372546 

9.2947671 

.001245330 

^104 

646416 

519718464 

28.3548938 

9.29862:^9 

.001243781 

805 

648025 

521660125 

28.3725219 

9.3024775 

.001242230 

806 

649636 

523006616 

28.3901391 

9.3063278 

.001240695 
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CUBE  BOOTS,  AND  RECIPROCALS. 


807 

809 

810 
8U 
812 
813 
814 
815 
816 
817 
818 
810 

830 
821 
822 
823 
8;^ 

825 
826 
827 
828 
829 

830 
831 
a32 

mi 

a34 

8a5 

836 
837 
838 
839 

840 
811 
812 
843 
844 
845 
846 
&17 
848 
819 

850 
851 
852 
853 
854 
855 
856 
857 
858 
859 

860 
861 
862 
863 
864 
865 
866 
867 
868 


Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

651:M9 

525557943 

28.4077454 

9.8101750 

.001239157 

652H<U 

52^-514112 

28.425*108 

9.3140190 

.001237«e4 

654481 

529475129 

28.4429253 

0.3178599 

.001286094 

656100 

531441000 

28.4604989 

9.8216975 

.0012*4568 

657721 

53:^411731 

28.4780617 

0.3255320 

.001233046 

65a'M4 

585387328 

28.4956137 

0.3298634 

.001231527 

660969 

587367797 

28.5131549 

0.8381916 

.001280012 

662,596 

539353144 

28.5806852 

0.3370167 

.001228501 

6e)4225 

541348375 

28.M82048 

0.3406886 

.001226994 

665856 

543338496 

28.5657137 

9.a446575 

.001225490 

667489 

545338518 

28.5882119 

0.8484731 

.001223990 

6691:^ 

647343482 

28.6006998 

0.8522867 

.00122^94 

670761 

549353259 

28.6181760 

0.3^60962 

.001221001 

67!M00 

551368000 

28.635W21 

0.3599016 

.001219512 

674041 

553387661 

28.6530976 

9.3687049 

.001218027 

675684 

555412248 

28.6705424 

0.8675061 

.001216545 

677329 

557441767 

28.6879766 

0.8718022 

.001215067 

678976 

559476224 

28.7a>4002 

0.8750963 

.001213592 

680625 

561515625 

28.7228i;^2 

0.3788878 

.001212121 

682276 

563559076 

28.7402157 

9.8826762 

.001210654 

683929 

565609^283 

28.7570077 

9.3864600 

.00120911)0 

6v85584 

5676635.52 

28.7749891 

9.890^19 

.001207729 

68?^^1 

569?22789 

28.7923601 

0.3940206 

.0012062r3 

688900 

571787000 

28.8097206 

9.8977964 

.001204819 

690561 

573856191 

28.8270700 

9.4015601 

.001203S69 

692224 

575930368 

28.8444102 

9.4053387 

.001201023 

693889 

578009537 

28.8617394 

0.4091054 

.001200480 

695556 

580093704 

28.8790582 

0.4128690 

.001199041 

697225 

582182875 

28.8963666 

9.4166207 

.001197605 

698896 

584277056 

28.9136646 

0.4203873 

.001196172 

700569 

586376253 

28.9309523 

0.4^1420 

.001194743 

702^44 

588480472 

28.9482297 

9.4278986 

.001193817 

703921 

590589719 

28.9654967 

9.4316428 

.001191895 

705600 

592704000 

28.98275*5 

9.4353880 

.001190476 

707281 

594823321 

29.0000000 

9.4391807 

.001189061 

708964 

596947G88 

29.0172363 

0.4428704 

.001187648 

710649 

599077107 

29.0344(523 

9.4406072 

.001186^40 

712J336 

601211584 

29.0516781 

9.4508410 

.0011848*4 

714025 

6a3351125 

29.0688837 

0.4540710 

.001183432 

715716 

605495736 

29.0860791 

0.4577990 

.001189038 

717409 

607645423 

29.1032644 

9.4615^9 

.001180638 

719104 

609800192 

29.1204^)96 

9.4652470 

.001179JM5 

720801 

611960049 

29.1376046 

9.4689661 

.001177856 

722500 

614125000 

29.1547595 

9.4726824 

.00117Wn 

7iJ4201 

616295051 

29.1719043 

9.4768a57 

.001175088 

725904 

618470208 

29.189a390 

9.4801061 

.001173709 

727609 

620(550477 

29.2061637 

9.4838138 

.0011?2333 

729316 

622835864 

29.2232784 

9.4875182 

.001170960 

731025 

625026375 

29.2403830 

9.4912200 

.001169591 

732736 

627222016 

29.2574777 

9.4949188 

.001168224 

7*4449 

629422793 

29.2745623 

9.4986147 

.001166861 

736164 

631028712 

29.2916370 

9.5023078 

.001165501 

737881 

6338397^9 

29.3087018 

9.5059980 

.001164144 

739600 

636056000 

29.3257566 

9.5096854 

.001162791 

741321 

ftS827738l 

29.3428015 

9.5138699 

.001161440 

743044 

640503928 

29.3598805 

9.5170515 

.001160008 

744769 

642735647 

29.3768616 

9.5207308 

.001158749 

746496 

644972544 

29.3938769 

9.5244063 

.001157407 

748225 

647214625 

29.4108823 

9.5280794 

.001156069 

749956 

649461896 

29.4278779 

9.5317497 

.0011547*4 

751689 

66171436;^ 

29.4448637 

9.535417« 

.001153403 

7534!W 

653972032 

29.4618397 

9.5390818 

.001152074 
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TABLE  XXm.-SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

860 

755161 

656234909 

29.4788059 

9.5427437 

.001150748 

870 

756900 

658503000 

29.4957624 

9.5464027 

.001140425 

871 

758641 

6607?6311 

29.5127091 

9.5500589 

.001148106 

872 

700384 

663054848 

29.5296461 

9.5537123 

.00114(5789 

873 

762129 

665338617 

20.5465734 

9.55736130 

.001145475 

874 

703876 

667627624 

29.5634910 

9.5C10108 

.001144165 

875 

765G25 

669921875 

29.5803989 

9.5646559 

.001142857 

876 

767376 

672221376 

29.5972972 

9.5682982 

.001141553 

8rr 

769129 

674526133 

29.6141858 

9.5719377 

.001140251 

878 

770884 

676836152 

29.6810648 

9.5755745 

.0011:38952 

8T9 

772641 

679151439 

29.6479342 

9.57J2085 

.001137656 

880 

774400 

681472000 

29.6647939 

9.5828397 

.0011:36364 

881 

rreioi 

683797841 

29.6816442 

9.5864682 

.001135074 

!       882 

77Y924 

686128068 

29.6984848 

9.5900939 

.001138787 

1       888 

779689 

688465387 

29.7153159 

9.5937169 

.0011^:2503 

[     mi 

781456 

690807104 

29.7321375 

9.5973378 

.001131222 

885 

783825 

693154125 

29.7489496 

g.  6009548 

.001129944 

886 

784996 

695606456 

29.7657521 

9.6045696 

.001128668 

8«7 

786709 

697864103 

29.7825452 

9.6081817 

.001127396 

COO 

788544 

70022707T3 

29.7993289 

9.6117911 

.001126126 

889 

790321 

702595369 

29.8161030 

9.6153977 

.001124859 

800 

792100 

704969000 

29.8328678 

9.6190017 

.001128596 

891 

793881 

707347971 

29.8496281 

9.6226080 

.001122834 

69ii 

795664 

709732288 

29.8663690 

9.6262016 

.001121076 

808 

797449 

712121957 

29.8831056 

9.6297975 

.001119821 

894 

799236 

714516984 

29.8998328 

9.6338907 

.001118568 

895 

801025 

716917375 

29.9165506 

9.6369812 

.001117318 

896 

802816 

719323136 

29.9332591 

9.6405090 

.001110071 

897 

804009 

721734273 

29.9499583 

9.6441542 

.001114827 

898 

806404 

724150792 

29.9666481 

9.6477:367 

.001118586 

899 

808201 

726572699 

29.9833287 

9.6513166 

.001112347 

900 

810000 

729000000 

30.0000000 

9.6548938 

.001111111 

901 

811801 

781432701 

30.0106620 

9.6584684 

.001109878 

902 

813604 

783870808 

30.0333148 

9.6620408 

.001108647 

90S 

815409 

786314327 

30.0499584 

9.6656096 

.001107420 

904 

817216 

738763264 

30.0665928 

9.()691762 

.0011(6195 

906 

819025 

741217625 

30.0832179 

9.6727403 

.001104i»72 

906 

820886 

743677416 

30.0998339 

9.6763017 

.001108753 

907 

822649 

746142643 

30.1164407 

9.6798004 

.0011025:36 

906 

824464 

748613312 

30.1330:^3 

9.6834166 

.001101:322 

909 

826281 

75108942J) 

30.1496269 

9.6869701 

.001100110 

910 

828100 

753571000 

80.1662063 

9.6905211 

.001098901 

911 

829921 

756058031 

30.1827765 

9.6940(>94 

.001097695 

912 

881744 

76855a528 

30.1903377 

9.6976151 

.0010JMM91 

913 

83a569 

761048497 

80.2158899 

9.7011583 

.0010952JX) 

914 

885396 

763551944 

80.2324329 

9.7046989 

.001094092 

915 

837225 

766060875 

30.2489669 

9.70823(59 

.0010i>28J]6 

916 

839056 

76a575296 

30.2654919 

9.7117728 

.0010{n703 

917 

840889 

771095213 

30.2820079 

9.7153051 

.ooioimvi 

918 

842724 

773620632 

80.2985148 

9.718a354 

.001089325 

1       919 

844561 

776151559 

80.3150128 

9.7228631 

.001088139 

1       990 

^6400 

778688000 

30.3315018 

9.7258883 

.001086957 

931 

848241 

781229961 

30.3479818 

9.7294109 

.001f>85776 

922 

850084 

783777448 

30.3644529 

9.7329:309 

.001084599 

928 

851929 

786330467 

30.3800151 

Q.IVjMiM 

00108:)42S 

924 

853778 

788889024 

80.3978083 

9.7:3{i9(534 

.001082251 

925 

855626 

791458125 

30.4138127 

9.7434758 

.001081081 

926 

a57476 

7&4022776 

30.4302481 

9.7469857 

.00107-9914 

927 

859329 

796597983 

30.4406747 

9.75049:30 

.001078749 

028 

861184 

79{)17«752 

30. 46130024 

9.75:39979 

.oolorrsw? 

929 

863041 

8017(55089 

80.4795018 

9.7575002 

.0010764' 

930 

1- 

864900 

804357000 

30.4959014 

9.7610001 

.001075 
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C 

UBJfl  BOOTS, 

AND  RECIF] 

KOCAIiH. 

No. 

Squares. 

Cube«. 

Square 
Boots. 

Cube  Boots. 

Reciprocals. 

»31 

1 

866761 

806954491 

80.5122926 

9.7644974 

.001074114 

932 

8686*4 

809557368 

30.&J8U750 

9.7679922 

.001072961 

983 

870489 

812166237 

d0.&450487 

9.7714845 

.001071811 

934 

872356 

814780504 

30.5614186 

9.7749743 

.001070664 

986 

874225 

817400375 

30.5777697 

•  9.77B4616 

.001069519 

986 

876096 

820025856 

30.5941171 

9.7819466 

.001068376 

93^/ 

877969 

822656953 

30.6104557 

9.7864288 

.001067286 

988 

879844 

825293672 

30.6267857 

9.7889087 

.001066096 

, 

939 

881721 

827936019 

30.6431069 

9.7923861 

.001064963 

940 

883600 

830584000 

30.6594194 

9.7958611 

.001068880 

941 

885481 

833237621 

30.675?283 

9.7993336 

.001062699 

942 

887864 

835896888 

30.6920185 

9.8028036 

.001061571 

943 

889249 

83K'i61807 

30.7083051 

9.8062711 

.001060445 

944 

891136 

841232384 

«0.?246830 

9.8097362 

.001069822 

945 

893025 

843906625 

80.7408523 

9.8181989 

.001058201 

946 

894916 

846590536 

30.7571130 

9.8166591 

.001067082 

947 

896809 

^9278123 

30.7733651 

9.8201169 

.001055966 

948 

898704 

851971392 

30.7896086 

9.8235723 

.001054852 

949 

900601 

854670349 

30.8058486 

9.8270252 

.001063741 

950 

902C00 

857375000 

30.8220700 

9.8804757 

.001052632 

951 

904401 

860085351 

30.8382879 

9.8339238 

.001051525 

952 

906:^04 

862801408 

30.8544972 

9.8373695 

.001050420 

953 

908209 

86552:3177 

80.8706981 

9.8408127 

.001049318 

954 

910116 

868250664 

30.8868904 

9.8442536 

.001048218 

955 

912025 

8705)63875 

30.9030748 

9.8476920 

.001047120 

956 

9139136 

873722816 

30.9192497 

9 '.8611280 

.001046025 

957 

915849 

876467493 

30.9354166 

9.8545617 

.001044932 

958 

917764 

879217912 

80.9515751 

9.8579929 

.001043841 

959 

919681 

881974079 

30.9677251 

9.8614218 

.001042753 

960 

921600 

884736000 

30.9838668 

9.8648483 

.001041667 

961 

923521 

887503681 

31.0000000 

9.8682724 

.001040583 

962 

925444 

8902'?7128 

31.0161248 

9.8716941 

.001039501 

963 

927369 

893056347 

31.0322418 

9.8751135 

.0010384S2 

961 

929296 

895841344 

31.0483494 

9.8785306 

.001037314 

965 

981225 

898632125 

31.0644491 

9.8819461 

.001036269 

966 

983156 

901428696 

31.0805405 

9.8858574 

.001036197 

967 

935089 

904231063 

81.0966236 

9.8887673 

.001034126 

968 

937024 

907039232 

81.1126984 

9.8921749 

.001033058 

969 

938961 

909853209 

31.1287648 

9.8956601 

.001031992 

970 

940900 

912673000 

31.1448280 

Q. 8989690 

.001080928 

971 

942841 

915496611 

31.1608729 

9.9023885 

.001029866 

972 

944784 

918330048 

81.1769146 

9.9067817 

.001028807 

973 

946729 

921167317 

81.1929479 

9.9091776 

.001027749 

974 

948676 

924010424 

31.2089731 

9.9125712 

.001026694 

975 

950625 

926859875 

81.2249900 

9.9159624 

.001025641 

976 

952676 

929714176 

81.2409987 

9.9198618 

.001024590 

977 

954529 

932574833 

31.2569992 

9.9227879 

.001023541 

978 

956484 

935441352 

31.2729915 

Q. 9261222 

.001022495 

979 

958441 

938313789 

31.2889757 

9.9295042 

.001021450 

• 

980 

960400 

941192000 

31.8049517 

9.9828889 

.001020408 

.981 

962361 

944076141 

31.8209195 

9.9362613 

.001019368 

982 

9C4324 

946966168 

31.3368792 

9.9896363 

.001018380 

983 

966289 

949862087 

31.3528308 

9.9430092 

.001017294 

981 

968256 

952763904 

31.3687743 

9.9463797 

.001016260 

985 

970225 

955671625 

31.3847097 

9.9497479 

.001015228 

986 

972196 

95^)85256 

31.4006369 

9.9581188 

.001014199 

987 

974169 

961504803 

81.4165561 

9.9564775 

.001018171 

988 

976144 

9(>4430272 

81.4.^673 

9.9598389 

.001012146 

989 

978121 

967861669 

31.4483704 

9.9631981 

.001011122 

'<H) 

980100 

970299000 

31.4642054 

9.9665549 

.001010101 

' 

982081 

973242271 

81.4801525 

9.9699096 

.001009082 

I 

984064 

976191488 

81.4JM}0315 

9.9782619 

.001006065 

[330] 


TABLE  XXIII.  { 

SQUARES,  CUBES,  ETC. 

No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

993 

986049 

979146657 

31.5119025 

9.9766120 

.001007049 

994 

988036 

982107784 

31.5277655 

9.9799599 

.001006036 

995 

990025 

985074875 

31.5436206 

9.9833055 

.001005025 

996 

992016 

9880479:% 

31.5594677 

9.9866488 

.001004016 

997 

994009 

991028973 

31.5753068 

9.9899900 

.001003009 

998 

996004 

994011992 

31.5911380 

9.9933289 

.001002004 

999 

998001 

997002999 

31.6069613 

9.9966656 

.001001001 

1000 

1000000 

1000000000 

31.6227766 

10.0000000 

.001000000 

1001 

1002001 

1003003001 

81.6385840 

10.0033322 

.0009990010 

100^ 

1004004 

1006012008 

31.6543836 

10.0066622 

.0009980040 

1003 

1008009 

1009027027 

31.6701752 

10.0099899 

.0009970090 

1004 

1008016 

1012J48064 

81.6859590 

10.0133155 

.0009960159 

1005 

1010025 

1015075125 

81.7017349 

10.0166389 

.0009950249 

1006 

1012036 

1018108216 

31.7175030 

10.0199601 

.0009940.358 

1007 

1014049 

1021147343 

31.7*32633 

10.0232791 

.0009930487 

1008 

1016064 

1024192512 

31.7490157 

10.0265958 

.0009920635 

1009 

1018081 

1027243729 

31.7647603 

10.0299104 

.0009910803 

1010 

1020100 

1030301000 

81.78049?2 

10.0aS2228 

.0009900990 

1011 

1022121 

1033364331 

31.7962262 

10.0365330 

.ai09891197 

1012 

1024144 

1036133728 

31.8119474 

10.0398410 

.0009881423 

1013 

1026169 

1039509197 

31.8276609 

10.0431469 

.0009871668 

1014 

1028196 

1042590744 

31.8433666 

10.0464506 

.0009861933 

1015 

1030225 

1045678375 

31.8590646 

10.0497521 

.0009852217 

1016 

1032256 

1048772096 

31-.  8747549 

10.0530514 

.0009842520 

1017 

1034289 

1051871913 

31.8904374 

10.0563485 

.0009832842 

1018 

1036324 

1054977832 

31.9061123 

10.0596435 

.0009823183 

1019 

1038;%1 

1058039859 

31.9217794 

10.0629364 

.0009813543 

1030 

1040400 

1061208000 

31.9374388 

10.0662271 

.0009803922 

1021 

1042441 

1064332261 

31.9530906 

10.0695156 

.0009794319 

102^ 

1044484 

1067462648 

81.9687347 

10.0728020 

.0009784736 

10*3 

1046529 

1070599167 

31.9843712 

10.0760863 

.0009775171 

1024 

1048576 

1073741824 

32.0000000 

10.0793684 

.0009765625 

lOio 

1050625 

1076890625 

32.0156212 

10.0826484 

.0009756098- 

1026 

1052676 

1080045576 

32.0312:518 

10.0a59262 

.0009746589 

1027 

1054729 

1083206683 

32.0468407 

10.0892019 

.0009737098 

1028 

1056784 

1086373952 

32.0624391 

10.0924755 

.00097^626 

1029 

1058841 

1039547389 

32.0780298 

10.05)57469 

.0009718173 

1030 

1060900 

1092727000 

32.0936131 

10.0990163 

.0009708738 

1031 

1062961 

1095912791 

32.1091887 

10.1022835 

.0009699321 

ia32 

1065024 

1099104768 

32.1247568 

10.1055487 

.00  9089922 

1033 

1067089 

1102.502937 

32.1403173 

10.1088117 

.0009680542 

10^ 

1069156 

1105507304 

32.1558704 

10.1120726 

.0009671180 

1035 

1071225 

1103717875 

32.1714159 

10.115.3314 

.0009661836 

1036 

1073296 

1111934656 

82.1869539 

10.im5882 

.0009652510 

1037 

1075369 

1115157653 

32.2024844 

10.1218428 

.0009643202 

1038 

1077444 

1118386872 

32.2180074 

10.1250953 

.0009633911 

1039 

1079521 

1121622319 

32.2335229 

10.1283457 

.0009624639 

1040 

1031600 

1124864000 

32.2490310 

10.1315941 

.0009615385 

1041 

1083681 

T128111921 

32.2645316 

10.1348403 

.0009606148 

1043 

1085764 

1131366088 

32.2800248 

10.1380845 

.0009596929 

1043 

1087849 

1134626507 

32.2955105 

10.1413266 

.0009587788 

1044 

1089936 

1137893184 

32.3109888 

10.1445667 

.0009578544 

1045 

1092025 

1141166125 

32.3264598 

10.1478047 

.0009569378 

1046 

1094116 

1144445336. 

32.3419233 

10.1.510406 

.0009.560229 

1047 

1096209 

1147730823 

32.a57'3794 

10.1542744 

.0009551098 

1048 

1098304 

1151022592 

32.37^28^1 

10.1575062 

.0009541985 

1049 

1100401 

1154320649 

32.3882695 

10.1607359 

.0009532888 

1050 

1102500 

1157625000 

32.4037035 

10.1639636 

.0009523810 

1051 

1104601 

11609356.51 

32.4191301 

10.1671893 

.0009514748 

1052 

1106704 

1164252608 

32.4345495 

10.1704129 

-.0009505703 

1053 

1108809 

1167575877 

32.4499615 

10.1736.344 

.000949667'' 

1054 

1110916 

1170905464 

32.4653662 

10.1768539 

.0009487f 
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TABLE  XXTV. — LOGARITHMS   OF  NUMBEB8. 


I 


No.  100  L.  000.1 


[No.  109  L.  040. 


N. 

0 

1 

2 

S 

4 

6 

6 

2596 
6894 

7 

8 

9 

Diff. 

100 

1 
2 

000000 
4321 
8600 

04*1' ^0868 
4751     5181 
9026     9451 

1301 
5609 
9876 

I'm 

6038  ; 

2166 
6466 

8029 
7321 

^61 
7748 

3891 

8174 

432 

4^ 

oaoo 

452t 

0724 
4940 
9116 

1147 

5360- 

9532 

1570 
6779 
9947 

1993 
6197 

2415 
6616 

4S^ 
420 

3 
4 

012837 
7033 

3259 
7451 

3680 
7868 

4100 
8284" 

0861 

4486 
8571 

0775 
4896 
8978 

416 
412 

408 

5 

6 

r 

021189 
5306 
9384 

1603 
5715 
9789 

2016 
6125 

1^128 
6533 

2841 
6942 

3252 
7a50 

3664 

7757 

4075 
8164 

t 

0195 
4227 

8223 

0600 
4628 

8620 

1004 
5029 
9017 

1406 
5430 
9414 

1812 
5830 
9811 

2216 
6230 

2619 
6629 

3021 

7028 

404 
400 

8 
9 

033124 
7426 
04 

3826 

7825 

(B07 

0602 

0996 

397 

Proportional  Parts. 


Diff. 

1 

2 

3^ 

4 

5 

6 

7 

8 

9 

434 

43.4 

86.8 

130.2 

173.6 

217.0 

260.4 

308.8 

347.2 

390.6 

433 

43.3 

86.6* 

129.9 

173.2 

■  216.5 

25U.8 

303.1 

346.4 

389.7 

432 

43.2 

86.4 

129.6 

172.8 

216.0 

259.2 

302.4 

345.6 

388.8 

431 

43.1 

86.2 

129.3 

172.4 

215.5 

258.6 

301.7 

344.8 

887.9 

430 

43.0 

86.0 

129.0 

172.0 

215.0 

258.0 

301.0 

»44.0 

387.0 

429 

42.9 

85.8 

128.7 

171.6 

214.5 

257.4 

300.3 

843.2 

386.1 

428 

42.8 

85.6 

128.4 

171.2 

214.0 

256.8 

299.6 

342.4 

385.2 

427 

42.7 

^.4 

128.1 

170.8 

213.5 

256.2 

296.9 

341.6 

384.3 

426 

42.6 

85.2 

127.8 

170.4 

213.0 

265.6 

298.2 

M).8 

883.4 

425 

42.5 

85.0 

127.5 

170.0 

212.5 

255.0 

297.5 

340.0 

382.5 

424 

42.4 

84.8 

127.2 

169.6 

212.0 

254.4 

296.8 

339.2 

381.6 

423 

42.3 

84.6 

126.9 

169.2 

211.5 

253.8 

296.1 

338.4 

380.7 

422 

42.2 

84.4 

126.6 

168.8 

211.0 

253.2 

295.4  ■ 

337.6 

379.8 

421 

42.1 

84.2 

126.3 

108.4 

210.5 

252.6 

294.7 

336.8 

3ra.9 

420 

42.0 

84.0 

126.0 

168.0 

210.0 

252.0 

294.0 

336.0 

378.0 

419 

41.9 

83.8 

125.7 

167.6 

209.5 

251.4 

293.3 

835.2 

3r?.i 

418 

41.8 

as.  6 

125.4 

167.2 

209.0 

250.8 

292.6 

334.4 

376.2 

417 

41.7 

83.4 

125.1 

166.8 

208.5 

250.2 

291.9 

333.6 

375.3 

416 

41.6 

83.2 

124.8 

166.4 

208.0 

249.0 

291.2 

332.8 

874.4 

415 

41.5 

81^.0 

124.5 

166.0 

207.5 

!^9.0 

290.6 

332.0 

373.5 

414 

41.4 

82.8 

124.2 

165.6 

207.0 

248.4 

289.8 

331.2 

sra.e 

413 

41.3 

82.6 

123.9 

165.2 

»06  5 

247.8 

289.1 

330.4 

371.7 

412 

41.2 

82.4 

123.6 

164.8 

206.0 

247.2 

288.4 

329.6 

370.8 

411 

41.1 

82.2 

12:3.3 

164.4 

205.5 

^6.6 

287.7 

328.8 

369.9 

410 

41.0 

82.0 

12:3.0 

164.0 

205.0 

S^46.0 

287.0 

328.0 

869.0 

409 

40.9 

81.8 

122.7 

163.6 

204.5 

245.4 

286.3 

327.2 

368.1 

408 

40.8. 

81.6 

122.4 

168.2 

204.0 

244.8 

285.6 

326.4 

867.3 

407 

40.7 

81.4 

122.1 

162.8 

20:3.5 

244.2 

284.9 

325.6 

366.3 

406 

40.6 

81.2 

121.8 

162.4 

203.0 

243  6 

284.2 

824.8 

865.4 

405 

40.5 

81.0 

121.5 

162.0 

202.5 

243.0 

283.5 

324.0 

364.5 

^404 

40.4 

80.8 

121.2 

161.6 

202.0 

242.4 

282.8 

323.2 

363.6 

4a3 

40.3 

80.6 

120.9 

161.2 

•  201.5 

241.8 

282.1 

322.4 

862.7 

402 

40.2 

80.4 

120.6 

160.8 

201.0 

241  2 

281.4 

321.6 

361.8 

401 

40.1 

80.2 

120.3 

160.4 

200.5 

240.6 

280.7 

320.8 

360.9 

400 

40.0 

800 

120.0 

160.0 

200.0 

^0.0 

280.0 

320.0 

360.0 

399 

39.9 

79.8 

119.7 

159.6 

199.5 

239.4 

279.3 

319.2 

a59.1 

398 

39.8 

79.6 

119.4 

159.2 

199.0 

288.8 

278.6 

818.4 

358.« 

397 

39.7 

79.4 

119.1 

158.8 

198.5 

238.2 

277.9 

817.6 

857.:3 

rt 

39.6 

79.2 

118.8 

158.4 

198.0 

237.6 

277.2 

816.8 

356.4 

39.5 

79.0 

118.5 

158.0 

197.5 

287.0 

276.5 

816  0 

855^ 
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TABLE  XXTV. — LOGARITHMS   OF  NI7MBEIU. 


No.  110  L.  Oil.] 


[No.  119  L.  078. 


N. 

0 

1 

t 

S 

4 

110 

1 
2 

.    3 
4 

ii 
6 

1     7 

041393 
5323 

9218 

1787 
5714 
9606 

2182 

6105 
9993 

2576 

&195 

2969 
6885 

0380 
4230 
8046 

0766 
4613 
8426 

053078 
6905 

»163 

7286 

3816 
7666 

060698 
4458 
8186 

1075 
4882 
8557 

1452 
5206 
8928 

1829 
5580 
9298 

2206 
5953 
9668 

'    8 

9 

1 

071882 
5547 

2250 
5912 

2617 
6276 

2985 
6640 

3352 
7004 

6 


3362  3755 
7275  7664 


1153  I  1538 
4996  I  5378 
8805  9185 


2582  2958 


6326 

0038 
3n8 
7368 


6699 


0407 
4085 
7731 


8 


4148 
8053 


1924 
5760 
95&S 


3338 

7071 


0776 
4461 
8094 


8442 


2309 
6142 
9942 


9 


4540<'  4932 


8830 


26$^ 
6524 


3709 
7443 


1145 
4816 
8457 


0320 
4083 
7815 


1514 

5182 
8819 


Diflf. 


393 
390 

386 
383 

379 
876 
873 

370 
366 
863 


Proportional  Parts. 


Diff. 

1 

2 

8 

4 

5 
197.5 

6 

7 

8 

9 

395 

38.5 

79.0 

118.5 

158.0 

237.0 

276.5 

316.0 

356.5 

304 

39.4 

78.8 

118.2 

157.6 

197.0 

236.4 

275.8 

315.2 

a54.5 

308 

89.3 

78.6 

117.9 

157.2 

196.5 

235.8 

275.1 

314.4 

353.7 

382 

89.2 

78.4 

117.6 

156.8 

196.0 

235.2 

274.4 

818.6 

352.8 

391 

89.1 

78.2 

117.3 

156.4 

195.5 

2*4.6 

278.7 

812.8 

a51.9 

390 

80.0 

78.0 

117.0 

156.0 

195.0 

234.0 

278.0 

312.0 

a'Jl.O 

389 

38.9 

77.8 

116.7 

155.6 

194.5 

233.4 

272.3 

811.2     a50.1 

3K8 

88.8 

77.6 

116.4 

155.2 

IM.O 

232.8 

271.6 

310.4     349.2 

387 

88.7 

77.4 

116.1 

154.8 

193.5 

282.2 

270.9 

809.6     348.3 

386 

88.6 

77.2 

115.8 

154.4 

193.0 

231.6 

270.2 

308.8 

347.4 

385 

38.5 

77.0 

115.5 

154.0 

192.5 

231.0 

269.5 

308.0 

346.6 

384 

88.4 

76.8 

115.2 

153.6 

1C2.0 

2S0.4 

268.8 

307.2 

845.6 

3H8 

38.3 

76.6 

114.9 

153.2 

191.5 

229.8 

268.1 

806.4 

844.7 

382 

38.2 

76.4 

114.6 

152.8 

191.0 

229.2 

267.4 

305.6 

343.8 

381 

38.1 

76.2 

114.3 

152.4 

190.5 

228.6 

266.7 

804.8     a42.9 

380 

38.0 

76.0 

114.0 

152.0 

190.0 

228.0 

266.0 

804.0 

842.0 

379 

87.9 

75.8 

118.7 

151.6 

189.5 

227.4 

265.8 

303.2 

341.1 

378 

37.8 

75.6 

113.4 

151.2 

189.0 

226.8 

264.6 

302.4 

340.2 

;«7 

87.7 

75.4 

113.1 

150.8 

188.5 

226.2 

263.9 

801.6 

339.3 

"^6 

87.6 

75.2 

112.8 

150.4 

188.0 

225.6 

2(3.2 

800.8 

338.4 

375 

37.5 

75.0 

• 

112.5 

156.0 

^  187.5 

226.0 

262.5 

300.0 

337.5 

374 

37.4 

74.8 

112.2 

149.6 

187.0 

224.4 

261.8 

299.2 

336.6 

373 

37.3 

74.6 

111.9 

149.2 

186.5 

223.8 

261.1 

298.4 

335.7 

372 

37.2 

74.4 

111.6 

148.8 

186.0 

223.2 

260.4 

297.6 

834.8 

371 

37.1 

74.2 

111.8 

148.4 

185.5 

222.6 

259.7 

296.8 

333.9 

3^0 

37.0 

74.0 

111.0 

148.0 

185.0 

222.0 

259.0 

296.0 

3as.o 

369 

36.9 

73.8 

110.7 

147.6 

184.5 

221.4 

258.3 

295.2 

332.1 

'   368 

36.8 

73.6 

110.4 

147.2 

184.0 

220.8 

257.6 

204.4 

331.2 

367 

86.7 

73.4 

110.1 

146.8 

188.5 

220.2 

256.9 

293.6 

830.3 

366 

86.6 

73.2 

109.8 

146.4 

183.0 

219.6 

256.2 

292.8 

329.4 

865 

86.5 

73.0 

109.5 

146.0 

182.5 

219.0 

255.7 

292.0 

328.6 

364 

36.4 

72.8 

109.2 

145.6 

182.0 

218.4 

254.8 

291.2 

327.6 

363 

36.3 

72.6 

108.9 

145.2 

181.5 

217.8 

254.1 

290.4 

326.7 

362 

86.2 

72.4 

108.6 

144.8 

181.0 

217.2 

253.4 

289.6 

325.8 

361 

86.1 

72.2 

108.3 

144.4 

180.6 

216.6 

252.7 

288.8 

824.9 

360 

86.0 

72.0 

108.0 

144.0 

180.0 

216.0 

252.0 

288.0 

324.0 

a59 

85.9 

71.8 

107.7 

148.6 

179.5 

215.4 

251.3 

287.2 

»28.1 

358 

86.8 

71.6 

107.4 

143.2 

179.0 

214.8 

250.6 

286.4 

322.2 

357 

35.7 

71.4 

107.1 

142.8 

178.5 

214.2 

249.9 

285.6 

321  " 

856 

36.6 

71.2 

106.8 

1'2.4 

178.0 

218.6 

»49.2 

284.8  !  3^ 

{ii2\ 


TABLE   XXTY. — LOOABITHMS  OF  NUMBERS. 


No. 

120  L.  079.] 

[No.  134  L.  130. 

N. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

DiC 

079181 

9543 

9G04 

0266 

3861 
7426 

1 

IT 

i     i 

120 

0026 

4219  ' 
7781 

0987 

4576 

8186 

1847  1707 

49^4  5291 
»490  8K45 

2067 

6647 
9198 

2426 

6004 
9552 

3G0 

1 
2 
3 

082785  1  3144 
63JiO  6716 

.S503 

7071 

357 

355 

JifKfO 

Chi.W 

0611 
4122 
7604 

0963 
4471 
7951 

,  1315 
4820 
8298 

1667 
5169 
8044 

2018 
5518 
8990 

2370 
5866 
9335 

2721 

3071 
6562 

ft.V* 

4 

K 

003422 
0910 

3772 
■^57 

6215 

9681 

349 

0020 
8462 
6871 

341 

6 
7 

8 

9 

130  1 

1  1 

100371 
3804 
7210 

0715 
4146 
7549  , 

1059 
4487 
7888 

1403 
4828 
8227 

1747 
5169 
8565 

2091 
5510 
8908 

^434 

5851 
9241 

2777 
6191 
9579 

8119 
6531 
9916 

0253 

3609 

6940 

a38 

835 
333 

110590 
3943 

0926 

4277 
7603  ! 

1263 

4611 
7934  ' 

1599 

4944 

8265 

1934 

5278 
8595 

2270 

5611 
8926 

2605 

5943 
9256 

2940 

6276 
9586 

3275 

6606 
9915 

0245 
3525 

330 
328 
325 

2 

3 

4 

120574 
3852 
7105 

IS 

0003 
4178 
7429 

1231 
4504 
YV53 

1,MX) 
48:^0 
8076 

1888 
5156 
8399 

^316 
5481 
8722 

2544 

5806 
9045 

2871 
6131 
9368 

31{)8 
645(5 
9690 

0012 

323 

Proportional  Parts. 


Diff. 

1 

2 

&>5 

35.5 

71.0 

&>4 

35.4 

70.8 

a-yi 

35.3 

70.6 

sra 

35.2 

70.4 

351 

35.1 

70.2 

.350 

35.0 

70.0 

349 

34.9 

69.8 

348 

34.8 

69.6 

347 

34.7 

69.4 

346 

34.6 

69.2 

346 

34.5 

69.0 

344 

34.4 

68.8 

34i^ 

34.3 

68.6 

312 

34.2 

68.4 

341 

34.1 

68.2 

310 

34.0 

68.0 

3W 

33.9 

67.8 

338 

33.8 

67.6 

337 

33.7 

67.4 

3:^ 

33.6 

67.2 

335 

33.5 

67.0 

334 

33.4 

66.8 

3:i3 

33.3 

66.6 

3:^2 

33.2 

(>6.4 

331 

33.1 

66.2 

sm 

33.0 

66.0 

329 

32.9 

65.8 

328 

32.8 

65.6 

327 

32.7 

65.4 

326 

32.6 

65.2 

325 

32.5 

65.0 

3^ 

32.4 

64.8 

323 

32.3 

64.6 

^ 

32.2 

04.4 

3 


106.5 
106.2 
105.9 
105.6 
105.3 
105.0 
104.7 
104.4 
104.1 
103.8 


103.6 
103.2 
102.9 
102.6 
102.3 
102.0 
101.7 
101.4 
101.1 
100.8 

100.5 
100.2 
99.9 
99.6 
99.3 
99.0 
98.7 
98.4 
98.1 
97.8 

97.5 
97.2 
96.9 
96.6 


142.0 
141.6 
141.2 
140.8 
140.4 
140.0 
139.6 
139.2 
138.8 
138.4 

138.6 
137.6 
137.2 
136.8 
136.4 
136.0 
135.6 
135.2 
134.8 
134.4 

134.0 
133.6 
133.2 
132.8 
132.4 
132.0 
131.6 
131.2 
130.8 
130.4 

130.0 
129.6 
129.2 
128.8 


177.5 
177.0 
176.5 
176.0 
175.5 
175.0 
174.5 
174.0 
17^.5 
173.0 

172.5 

1T2.0 
171.5 
171.0 
170.5 
170.0 
169.5 
169.0 
168.5 
168.0 

167.5 
167.0 
106.5 
106.0 
165.5 
1(55.0 
164.5 
164.0 
163.5 
163.0 

162.5 
102.0 
161.5 
161.0 


6 

7 

213.0 
212.4 
211.8 

248.5 
247.8 
247.1 

8 


211.2 
210.6 
210.0 
209.4 
208.8 
206.2 
207.6 

207.0 
206.4 
205.8 
205.2 
204.6 
204.0 
203.4 
202.8 
202.2 
201.6 

201.0 
200.4 
199.8 
199.2 
198.6 
198.0 
197.4 
196.8 
196.2 
195.6 

195.0 
194.4 
193.8 
193.2 


246.4 
»45.7 
245.0 
244.3 
243.6 
242.9 
242.2 

241.5 

M).l 
239.4 
288.7 
238.0 
237.3 
236.6 
235.9 
235.2 

234.5 
233.8 
238.1 
232.4 
231.7 
231.0 
230.3 
229.6 
228.9 
228.2 

227.5 
226.8 
226.1 
225.4 


284.0 
^188.2 
282.4 
281.6 
280.8 
280.0 
279.2 
278.4 
277.6 
276.8 

276.0 
275.2 
274.4 
273.6 
272.8 
272.0 
271.2 
270.4 
269.6 
268.8 

268.0 
267.2 
266.4 
265.6 
264.8 
264.0 
263.2 
262.4 
261. G 
260.8 

260.0 
259.2 
256.4 
257.6 


9 


319.5 
318.  G 
317.7 
316.  S 
315.9 
815.0 
314.1 
313.2 
312.3 
311.4 

310.5 
309.6 
308.7 
307.8 
906.9 
306.0 
dOoA 
304.2 
303.3 
302.4 

301.5 
300.6 
299.7 
298.f< 
297.9 
297.0 
296.1 
295.2 
294.3 
293.4 

292.5 
291.6 
2!K).7 
289.8 


r  I 


; 


[334] 


TABLE   XXTV. — LOGARITHMS   OF   NUMBERS. 


No.  135  L.  130.] 


[No.  149  L.  175. 


N. 
6 

I 

8 

9 

140 
1 

2 
3 
4 

5 
6 


8 
9 


I  130334 
3539 
6721 
9879 


143015 

6128 
9219 


a 


0655 
3858 
7037 


0977 
4177 
7'a54 


152288 
5336 

a%2 


161368 
4353 
7317 


0194 
3327 

6438 
9527 


2594 
5640 
8664 


1667 
4G50 
7613 


170262 
3186 


a555 
a478 


0508 
3639 

6748 
9835 


2900 
5943 
8905 


1907 
4947 
7908 

08i8 
3709 


8 

4 

1298 
4496 
7071 

1619 
4814 
7987 

0322 
3951 

7058 

1136 
4263 

7367 

0143 
3205 
6246 
9206 

0449 
3610 
6549 
95C7 

2266 
5244 
8203 

2564 
5541 
8497 

1141 
4060 

1434 
4:^1 

6    6 


8 


0 


1939  2260 
5133  5451 
8303  8618 


2580  2900 
5769  ,  6086 
8J34  9249 


1450  I  1763 
4574  4885 

7676  i  7985 


0756 
SStfJ 
6852 
9808 


1063 
4120 
7154 


0168 
2863  I  3101 
5838*'  61:^ 
8792  j  9086 


1726  I  2019^  2311 
4641  4932 


I 


2076  2389 
5196  '  5507 

8294  !  8603 


3219 

6403 
9564 


1370 
442-1 
7457 


1676 
4728 
7759 


0469 
3460 
0430 
9380 


0769 
37'58 
0726 
9674 


2603 
5512 


2702 
5818 

8911 


1982 
5032 
8061 


1068 
4055 
7022 
9908 


2895 
5802 


Diff. 


321 

318 
316 

314 
311 

309 

307 
305 
303 

301 
299 
297 
295 

293 
291 


Proportional  Parts. 


Diflf. 

1 

2 

ail 

32.1 

64.2 

320 

a:.o 

04.0 

319 

31.9 

63.8 

318 

81.8 

63.6 

317 

81.7 

63.4 

310 

31.6 

63.2 

315 

31.5 

63.0 

314 

81.4 

62.8 

313 

31.3 

62.6 

312 

31.2 

6^.4 

311 

31.1 

62.2 

310 

81.0 

62.0 

309 

30.9 

61.8 

308 

30.8 

61.6 

307 

30.7 

61.4 

306 

30.6 

61.2 

305 

80.5 

61.0 

304 

30.4 

6a.8 

3013 

30.3 

60.6 

302 

80.2 

60.4 

301 

30.1 

60.2 

300 

30.0 

60.0 

299 

29.9 

59.8 

J?98 

29.8 

59.6 

297 

29.7 

59.4 

290 

29.6 

59.2 

295 

29.5 

59.0 

294 

29.4 

58.8 

293 

29.3 

58.6 

292 

29.2 

58.4 

291 

29.1 

58.2 

290 

29.0 

58.0 

289 

28.9 

57.8 

288 

28.8 

57.6 

287 

28.7 

57.4 

286 

28.6 

57.2 

3 

4 

5 

6 

7 

8 

9 

96.3 

128.4 

160.5 

192.6 

2:^.7 

256.8 

288.9 

9().0 

128.0 

100.0 

192.0 

224.0 

256.0 

288.0 

95.7 

127.6 

159.5 

191.4 

223.3 

255.2 

287.1 

95.4 

127.2 

159.0 

190.8 

222.6 

251.4 

28<).2 

95.1 

126.8 

158.5 

190.2 

221.9 

253.6 

2a5.3 

94.8 

126.4 

158.0 

189.6 

221.2 

252.8 

284.4 

94.5 

120.0 

157.5 

189.0 

220.5 

252.0 

2*3.5 

94.2 

125.6 

157.0 

188.4 

219.8 

251.2 

282.6 

93.9 

125.2 

156.5 

187.8 

219.1 

250.4 

281.7 

93.6 

124.8 

156.0 

187.2 

218.4 

249.6 

230.8 

93.3 

124.4 

155.5 

186.6 

217.7 

248.8 

279.9 

93.0 

1^1.0 

155.0 

186.0 

217.0 

248.0 

279.0 

92.7 

123.6 

154.5 

185.4 

216.3 

247.2 

278.1 

92.4 

123.2 

154.0 

184.8 

215.6 

246.4 

277.2 

92.1 

122.8 

153.5 

184.2 

214.9 

245  6 

276.8 

91.8 

122.4 

153.0 

183.6 

214.2 

244.8 

275.4 

91.5 

122.0 

152.5 

1&3.0 

213.5 

244.0 

274  5 

91.2 

121.6 

152.0 

182.4 

212.8 

243.2 

273.6 

90.9 

121.2 

151.5 

181.8 

212.1 

242.4 

272.7 

90.6 

120.8 

151.0 

181.2 

211.4 

241.6 

271.8 

90.3 

120.4 

150.5 

180.6 

210.7 

240.8 

270.9 

90.0 

120.0 

150.0 

180.0 

210.0 

240.0 

270.0 

89.7 

119.6 

149.5 

179.4 

209.3 

239.2 

209.1 

89.4 

119.2 

149.0 

178.8 

208.6 

288.4 

268.2 

89.1 

118.8 

148.5 

178.2 

207.9 

287.6 

267.3 

88.8 

118.4 

148.0 

177.6 

207.2 

236.8 

266.4 

88.5 

118.0 

147.5 

irr.o 

206.5 

236.0 

265.5 

88.2 

117.6 

147.0 

176.4 

205.8 

235.2 

264.6 

87.9 

117.2 

146.5 

175.8 

205.1 

234.4 

268.7 

87.6 

116.8 

146.0. 

175.2 

2:^4.4 

283.6 

262.8 

87.3 

116.4 

145.5 

174.6 

2a3.7 

232.8 

261.9 

87.0 

116.0 

145.0 

174.0 

2a3.0 

232.0 

201.0 

86.7 

115.6 

144.5 

178.4 

202.3 

231.2 

260.1 

86.4 

115.2 

144.0 

172.8 

201.6 

230.4 

259.2 

86.1 

114.8 

143.5 

172.2 

200.9 

229.6 

2.58.3 

85.8 

114.4 

143.0 

171.6 

200.2 

228  ' 

[335] 


TABLB  XXTV. — ^I.OGARITHMS   OF  NUMBER6. 


Proportional  Parts. 


^ 


Diflf. 

1 

3 

3 

286 

28.6 

57.0 

85.5 

284 

28.4 

56.8 

85.2 

283 

28. 3 

56.6 

84.9 

282 

28.2 

66.4 

84.6 

281 

28.1 

56.2 

84.3 

280 

28.0 

5(5.0 

fr4.0 

279 

27.9 

55.8 

83.7 

278 

27.8 

55.6 

83.4 

27r 

27.7 

55.4 

88.1 

276 

27.6 

55.2 

82.8 

275 

27.5 

55.0 

•82.5 

274 

27.4 

54.8 

82.2 

273 

27.3 

64.6 

81.9 

272 

27.2 

64.4 

81.6 

271 

27.1 

64.2 

81.3 

270 

27.0 

54.0 

81.0 

269 

26.9 

53.8 

80.7 

268 

26.8 

53.6 

80.4 

267 

26.7 

53.4 

80.1 

286 

28.6 

53.2 

79.8 

265 

26.5 

53.0 

79.5 

264 

26.4 

62.8 

79.2 

263 

26.8 

62.6 

78.9 

262 

26.2 

52.4 

78.6 

261 

26.1 

52.2 

78.3 

2(50 

26.0 

52.0 

78.0 

259 

25.9 

51.8 

77.7 

258 

25.8 

•51.6. 

77.4 

257 

25.7 

51.4 

77.1 

2.'>6 

25.0 

51.2 

76.8 

25.5 

51.0 

76.5 

114.0 
113.6 
113.2 
112.8 
112  4 
112.0 
111.6 
111.2 
110.8 
110.4 

110.0 
109.6 
109.2 
108.8 
108.4 
108.0 
107.6 
107.2 
106.8 
106.4 

106.0 
105.6 
105.2 
104.8 
104.4 
104.0 
103.6 
103.2 
102.8 
102.4 
102.0 


142.5 
142.0 
141.5 
141.0 
140.5 
140.0 
189. 5 
189.0 
138.5 
138.0 

187.5 
137.0 
136.5 
136.0 
185.5 
185.0 
134.5 
184.0 
183.5 
138.0 


I 


6 


171.0 
170.4 
169.8 
169.2 
168.6 
168.0 
167.4 
.166.8 
166.2 
165.6 

l(j6.0 
164.4 
163.8 
168.2 
162.6 
162.0 
161.4 
160.8 
160.2 
159.6 


132.5 

159.0 

132.0 

158.4 

131.5 

15V.  8 

131.0 

157.2 

i:w.5 

156.6 

130.0 

156.0 

120.5 

155.4 

129.0 

154.8 

128.5 

154.2 

128.0 

153.6 

lk7.5 

158.0 

199.6 
198.8 
198.1 
197.4 
196.7 
196.0 
196.3 
194.6 
198.9 
198.2 

192.6 
191.8 
191.1 
190.4 
189.7 
189.0 
188.8 
187.6 
186.9 
186.2 

186.5 
184.8 
184.1 
188.4 
182.7 
182.0 
181.8 
180.6 
179.9 
179.2 
178.6 


6 


226.0 
227.2 
226.4 
226.6 
224.8 
224.0 
228.2 
222.4 
221.6 


220.8 

220.0 
219.2 
218.4 
217.6 
216.8 
216.0 
216.2 
214.4 
218.6 
212.8 

212.0 
211.2 
210.4 
209.6 
208.8 
208.O 
207.2 
206.4 
205.6 
204.8 
204.0 


No. 

150  L.  176.1 

[N 
8 

D.  160] 
9 

U  230. 1 

N. 

0 

1 

8 

6o70 
9552  ' 

• 

4 

ft 

6 

7 

Difl.  1 

160 
1 

176091  '  6381 
8977     92&4 

6959 
9839 

2700 
554i 
8366 

0126  ; 
2985 
5825 
8647  1 

7536 

7825  1 

8113 

8401 

8669 

289 

0413 
,  3270 

i  6108 
8928 

0699 
3555 
()i>91 
9209 

2010 
4792 
7556 

0986 
3839 
6674 
9490 

12TC 
4123 
6956 
9771 

1668 
4407 
7230 

28T 
286 

283  I 

2 
8 

4 

181844     2129 
4691   ;  4975 
7521  ;  78U8 

2415 
5259 
8084 

0051 
2846 
662$ 

a882 

281 
279 

278 
276 

5 
6 

190332     0612     0892 

3125  ,  3403     3681 

-s  5900     6176     6458 

8667  1  8932  1  9206 

1171 
3959 
6729 
9481 

2216 
4934 

7aiU 

1451 
4237 
7005 
9755 

1780 
4514 
72^ 

2289 
5069 
7882 

2567 
5346 

8107 

'  0029 
2761 

5475 
81';3 

0803 
3083 

5746 
8441 

0577 
3305 

6016 
8710 

0850 
3577 

6280 
8979 

1124 
8848 

6656 
9247 

274  ; 

272 

271 
269 

267 
266 
264 
262 

261 
259 
258 

256 

9 

160 
1 
2 

201397     1670 

4120'     4391 
6826     7096 

;  11M3 

1  4663 
7365 

0051 

272U 

'  537'3 

8010 

2488 

5204 

7904 

tHJXt* 

2454 
5109 
7747 

(Ktt9 

56:38 
82;3 

0586 

3252 

5902 

1  8636 

1  0HB3 

,  3f:l8 
616(5 
6-98 

1121 
3783 
(5430 
9C60 

1388 
4049 
6694 
9323 

1654 
4814 

6957 
9585 

1921 
4t?9 
7221 

9(^16 

1 

8 
4 
6 

212188 
4844 

7484 

6 
7 
8 
9 

220108     0870 
2710  ,  2976 
5309     5568 

0(531 
,  3;i5(5 

1  582C 
1  84'JO 

0892 

Mm 

6(^84 
8657 

1153 
3155 
6342 
8913 

1414 

4015 

1  6(500 

9170 

1675 
4274 
6R58 
i)426 

1936 

4583 
7115 
9682 

2190 
4792 
7372 
9938 

2456 
5051 
7680 

2a 

1  """ 

0193 

9 


256.5 
255.6 
254.7 
253.8 
252.9 
252.0 
251.1 
250.2 
249.3 
248.4 

217.5 
246.6 
246.7 
244.8 
243.9 
213.0 
242.1 
241.2 
240.3 
239.4 

238.5 
237.6 
286.7 
235.8 
284.9 
234.0 
233.1 
832.2 
231 .3 
230.4 
229.6 


_J 
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TJLSIa^  XXTV. — 4.0GARITHMS   OP  NUMBERS. 


o.  170  L..  280.1 


[No.  189  L.  278. 


1 

T 
1. 

0              X 

2 

8 

4 

( 

6 

7 

8 

9 

Diff. 

TO 
1 

2 
3 

230449 
2d96 
5528 
8046 

07O4 
3350 

5781 
8297 

0930 
3504 

mm 

8548 

1215 
3757 
6285 
8799 

1470 
4011 
6537 
9049 

1724 
4261 

6789 
9299 

1979 
4517 
7041 
9550 

2234 
4770 
7292 
9800 

»488 
5023 
7544 

2742 
6276 
7795 

255 
253 
252 

0050 
2541 
5019 

7482 
9932 

0300 
2790 
5266 

7728 

250 

4 
5 
C 

7 

:j^i0549 
3038 
5513 
7973 

0799 

3386 
5759 
8319 

1048 

35;« 

6006 
8464 

1297 
8782 
6252 
8709 

1546 
4030 
6499 
89^ 

1795 
4277 
6745 
9198 

2044 
4525 
6991 
0443 

2293 
4772 
7237 
9687 

249 
248 
i^6 

0176 
2610 
5031 

7439 
9833 

245 

8 
9 

1 

2504:^       0664 
2853   '    3096 

5273       5514 
7679       7918 

0908 
3a38 

5755 
8158 

1151 
3580 

5996 
8398 

0787 
3162 
5525 

7875 

1395 
3822 

6237 
8637 

1638 
4004 

6477 
8877 

18H1 
4306 

6718 
9116 

2125 
4548 

6958 
9355 

2368 
4790 

7198 
9594 

24:^ 
242 

241 
239 

2 
3 
4 
5 
6 

260071 
2451 
4818 
7173 
9513 

O310 
2688 
5054 
7406 
9746 

0548 
2925 
5290 
7641 
9980 

1025 
3399 
5761 
8110 

1263 
3636 
5996 
8344 

1501 
3873 
0232 

8578 

1739 
4109 
6467 

8812 

1976 
4346 
6702 
9046 

2214 

4582 
6937 
9279 

238 
237 
236 
234 

0213 
2538 
4850 
7151 

0446 
2770 
5081  1 
7380  1 

0679 
3001 
5311 
7609 

0912 
3233 
5542 

7838 

1144 
3464 
5772 
8067 

1377 
3696 
60O2 
8296 

1609 
3927 
6232 
a525 

233 

7 
8 
U 

27184a 
,       4158 
1       64f52 

3074 
4889 
(J692 

2306 
4620 
6921 

232 

2;30 
229 

Proportional  Parts. 


Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

255 

25.5 

51.0 

76.5 

102.0 

127.5 

153.0 

178.5 

204.0 

229.5 

2.">4 

35.4 

50.8 

76.2 

101.6 

127.0 

152.4 

177.8 

203.2 

228.6 

2:>i 

25.3 

50.6 

75.9 

101.2 

126.5 

151.8 

177.1 

202.4 

227.7 

252 

3^-2 

00.4 

75.6 

100.8 

126.0 

151.2 

176.4 

201.6 

226.8 

251 

25.1 

50.2 

75.3 

100.4 

125.5 

150.0 

175.7 

200.8 

225.9 

2rjO 

25  0 

.50.0 

75.0 

100.0 

125.0 

150.0 

175.0 

200.0 

225.0 

249 

24.9 

49.8 

74.7 

99.6 

124.5 

149.4 

174.3 

199.2 

224.1 

t^48 

24.8 

49.6 

74.4 

99.2 

124.0 

148.8 

173.6 

198.4 

223.2 

247 

24.7 

49.4 

74.1 

98.8 

12:3.5 

148.2 

172.9 

197.6 

222.3 

246 

24.6 

49.2 

73.8 

98.4 

12?J.O 

147.6 

172.2 

190.8 

221.4 

^45 

24.5 

49.0 

73.5 

98.0 

122.5 

147.0 

171.5 

196.0 

220.5 

244 

24.4 

48.8 

73.2 

97.6 

122.0 

146.4 

170.8 

195.2 

219.6 

»i^ 

24.3 

48.6 

72.9 

97.2 

121.5 

145.8 

170.1 

194.4 

218.7 

-^12 

24.2 

48.4 

72.6 

96.8 

121.0 

145.2 

169.4 

193.6 

217.8 

241 

24.1 

48.2 

72.3 

96.4 

120.5 

144.6 

168.7 

192.8 

216.9 

240 

24.0 

48.0 

72.0 

96.0 

120.0 

144.0 

168.0 

192.0 

216.0 

239 

23.9 

47.8 

71.7 

95.0 

119.5 

143.4 

167.3 

191.2 

215.1 

2^38 

23.8 

47.6 

71.4 

95.2 

119.0 

142.8 

160.6 

190.4 

214.2 

237 

23.7 

47.4 

71.1 

94.8 

118.5 

142.2 

165.9 

189.6 

213.3 

236 

23.6 

47.2- 

70.8 

94.4 

118.0 

141.6 

165.2 

188.8 

212.4 

335 

23.5 

47.0 

70.5 

94.0 

117.5 

141.0 

164.5 

188.0 

211.5 

234 

23.4 

46.8 

70.2 

93.6 

117.0 

140.4 

163.8 

187.2 

210.6 

233 

23.8 

46.6 

69.9 

93.2 

110.5 

139.8 

163.1 

186.4 

209.7 

^333 

23.2 

40.4 

69.6 

92.8 

116.0 

139.2 

162.4 

185.6 

208.8 

231 

23.1 

46.2 

69.3 

92.4 

115.5 

1:^.6 

161.7 

184.8 

207.9 

230 

23.0 

46.0 

69.0 

92.0 

115.0 

138.0 

161.0 

184.0 

207.0 

239 

22.9 

45.8 

68.7 

91.6 

114.5 

137.4 

KiO.S 

183.2 

206.1 

228 

22.8 

45.6 

68.4 

91.2 

114.0 

136.8 

159.0 

182.4 

205.2 

227 

22.7 

45.4 

68.1 

90.8 

113.5 

136.2 

158.9 

181.6 

204.3 

226 

22.6 

45.2 

67.8 

90.4 

113.0 

135.6 

158  2 

180.8 

203.4 

[337] 


TABLE  XXTV. — LOGARITHMS   OF  NUMBERS. 


No. 

190  L.  278.] 

[No.  214  L.  332. 

N. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

Difl. 

278754 

8982 

9211 

9499 

9667 

9895 

« 

190 

0123 

2396 
4656 
6JX)5 
9143 

0351 

2622 
4882 
7130 
9366 

0578 
2849 
5107 
r354 
9589 

0806 
8075 
6332 

7578 
9812 

238 
■227 
226 
225 
823 

1 
2 
3 
4 

281033 
3301 
5557 

7802 

1261 
35;^ 
5782 
8026 

1488 
3753 
6007 
8249 

1715 
3979 
6232 
»473 

1942 

4205 
6456 
8696 

2169 

4431 

6681 

i  8920 

5 
6 

7 
8 

0 

290035 
2250 
4466 
6665 
8853 

0257 
2478 
4687 
6884 
9071 

0180 
2699 
4907 
7104 
9289 

0702 
2920 
5127 
7323 
9507 

0925 
3141 
.5347 
7542 
9725 

1147 
3363 
5567 
7761 
9943 

1369 
3584 
5787 
7979 

1591 
3804 
6007 
8196 

1813 
4025 
6226 
8416 

2034 
4246 
6446 
8635 

as 

221 
220 
219 

0161 

2331 
4491 
6639 
8VV8 

0378 

2547 

4706 
68&4 
8991 

0595 

2764 
4921 
7068 
9204 

1330 
»445 
5551 
7646 
9730 

0813 

2980 
5136 
7282 
9417 

*218 

217 
216 
215 
213 

200 
1 
2 

3 

4 

301030 
3196 
5351 
7496 
9630 

1247 
3412 
5566 
7710 
9843 

1464 
3628 
5781 
7924 

1681 
3&44 
5996 
8137 

1898 
4059 
6211 
8351 

2114 
4275 
6425 
8564 

0056 
2177 
4289 
6390 
&481 

0268 
2389 
4499 
6.599 
8689 

0481 
2600 
4710 
6809 
8898 

0693 
2812 
4920 
7018 
9106 

0906 
3023 
5130 
7227 
9314 

1118 
3234 
5340 
7436 
9522 

1542 
3656 
5760 
7854 
9938 

212, 
211 
210 
209 
208 

5 
6 

7 
8 

311754 
3867 
5970 
8063 

1966 
4078 
6180 
8272 

9 

210 

1 

2 
3 

320146 

2219 

4282 
6336 
8380 

0354 

2426 
44S8 
6541 

8583 

0562 

2633 
4694 
6745 

8787 

0709 

2a39 
4899 
6950 
8991 

0977 

3046 
5105 
.7155 
9194 

1  11&4 

3252 
5310 
7359 
9398 

1391 

8458 
5516 
7563 
9601 

1598 

3665 
5721 
7767 
9805 

1805 

3871 
5926 
7972 

2012 

4077 
6131 
8176 

207 

206 
205 
204 

0008 
2034 

0211 
2236 

203 

4 

a30414 

(617 

0810 

1022  !  1225 

1427 

1630 

1832 

202 

Proportional  Parts. 


Diflf. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

225 

22.5 

45.0 

07. 5 

90.0 

112.5 

135.0 

157.5 

180.0 

202.5 

224 

22.4 

44*8 

67.2 

89.6 

112.0 

134.4 

156.8 

179.2 

201.0 

223 

22.3 

44.6 

66.9 

89.2 

111.5 

133.8 

156.1 

178.4 

200.7 

222 

22.2 

44.4 

66.6 

88.8 

111.0 

133.2 

155.4 

177.6 

199.8 

221 

22.1 

44.2 

60.3 

88.4 

110.5 

132.6 

154.7 

176.8 

198.9 

220 

22.0 

44.0 

60.0 

88.0 

110.0 

132.0 

154.0 

176  .'O 

198.0 

219 

21.9 

43.8 

65.7 

87.6 

109.5 

-    131.4 

153.3 

175.2 

197.1 

218 

21.8 

43.6 

65.4 

87.2 

109.0 

130.8 

152.6 

174.4 

190.3 

217 

21.7 

43.4 

65.1 

86.8 

108.5 

130.2 

151.9 

173.6 

195.3 

216 

21.6 

43.2 

64.8 

86.4 

108.0 

129.6 

151.2 

172.8 

194  4 

215 

21.5 

43.0 

64.5 

86.0 

107.5 

129.0 

150.5 

172.0 

193.5 

214 

21.4 

42.8 

64.2 

85.6 

107.0 

128.4 

149.8 

171.2 

192.6 

213 

21.3 

42.6 

6J^.9 

85.2 

106. d 

127.8 

149.1 

170.4 

191.7 

212 

21.2 

42.4 

63.6 

84.8 

106.0 

127.2 

148.4 

169.6 

190.8 

211 

21.1 

42.2 

63.3 

84.4 

105.5 

126.6 

147.7 

168.8 

189.9 

210 

21.0 

42.0 

63.0 

84.0 

105.0 

126.0 

147.0 

168.0 

189.0 

209 

20.9 

41.8 

62.7 

83.6 

104.3 

125.4 

146.3 

167.2 

188.1 

208 

20.8 

41.6 

62.4 

83.2 

104.0 

124.8 

145.6 

166  4 

187.2 

207 

20.7 

41.4 

62.1 

82.8 

103.5 

124.2 

144.9 

165.6 

186.3 

206 

20.6 

41.2 

61.8 

82.4 

103.0 

123.6 

144.2 

lfr4.8 

185.4 

205 

20.5 

4i.O 

CI.  5 

82.0 

102.5 

123.0 

143. S 

164.0 

184.5 

'>04 

20.4 

40.8 

61.2 

81.6 

102.0 

122.4 

142.8 

163.2 

183.(5 

% 

20.3 

40.6 

60.9 

81.2 

101.5 

121.8 

148.1 

162.4 

182.7 

20.2 

40.4 

60.6 

^0.8 

101.0 

121.2 

141.4 

161.6 

181.8 

[33S] 


P(> 


TABLE  XXTV. — LOGAKITHMS   OP  NUMBERS, 


No.  215  L.  832.] 


[No.  239  L.  380. 


N. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

Difif. 

213 
6 
7 
8 

332438 

4454 

6460 

-8456 

2640 
4655* 
6660 
8656 

2842 
4856 
6860 
8855 

3044 
50&7 
7060 
9054 

3246 
5257 
7260 
9253 

3447 
M58 
7459 
9451 

8649 
5658 
7659 
9650 

3850 
5859 

7858 
9849 

4051 
6059 
8058 

4253 
6260 
8257 

202 
201 
200 

0047 
2028 

3999 

5902 
7915 
i)860 

0246 
2225 

4196 
6157 
8110 

199 
198 

197 
196 
195 

9 

220 
1 
2 
8 

340444 

2433 

4392 
6353 
8305 

0642 

2620 
4589 
6549 
8500 

0442 
2375 
4301 
6217 
8125 

0841 

2817 
4785 
6744 
8694 

1039 

3014 
4981 
6939 
8889 

1237 

3212 
^178 
7135 
9083  ' 

1435 

3409 
5374 
7330 
9278 

1632 

3606 
5570 
7525 
9472 

1830 

3802 
5766 
7720 
9666 

0054 
1989 
8916 
5834 
7744 
9646 

194 
193 
193 
192 
191 
190 

4 
5 
6 

7 
8 
9 

350248 
2183 
4108 
6026 
7935 
9835 

0636 

2568 

4493- 

6408 

8316 

0829 

27-61 

4685- 

6599 

8506 

0404 

2294 
4176 
6049 
7915 
9772 

1023 
2954 
4876 
6790 
8696 

1216 
3147 
5Q68 
6981 

8886 

1410 
3339 
5260 
717* 
9076 

1603 
a532 
5452 
7363 
9266 

1796 
37M 
5643 
7554 
9456 

0025 

1917 
8800 
5675 
7542 
9401 

0215 

2105 
3988 
5862 
7729 
9587 

0593 

»482 
4363 

8101 
9958 

0783 

2671 
4551 
6423 

8287 

0972 

2859 

4739 

.6610 

8473 

1161 

3048 
4926 
6796 
8659 

1350 

8236 
5113 
6983 

8845 

0698 
2544 
4382 
6212 
8034 
9849 

1539 

3424 
5301 
7169 
9030 

189  . 

188 
188 
187 
186 

230 
1 
2 
3 

4 

361728 
3612 

.5488 
7356 
9216 

0143 

1991 « 

3831 

5664 

7488 

9306 

0328 
2175 
4015 
5846 
7670 
9487 

0513 
2360 
4198 
6029 

7852 
9668 

0883 
2728 
4565 
6394 
8216 

185 
184 
184 
18;^ 
182 

5 
6 
7 

8 
9 

371068 
2912 
4748 
0577 
8398 

88 

1253 
3096 
4932 
6759 
8580 

1437 
8280 
5115 
C942 
8761 

1622 
8464 
5298 
7124 
8943 

1806 
3647 
5481 
7306 
9124 

0030 

181 

Proportional  Parts. 


Dili. 

1 

2 

3 

4 

5 

6 

7^ 

8 

9 

202 

20.2 

40.4 

60.6 

80.8 

101.0 

121.2 

141.4 

161.6 

181.8 

201 

^.1 

40.2 

60.3 

80.4 

100.5 

120.6 

140.7 

160.8 

180.9 

200 

20.0 

40.0 

60.0 

80.0 

100.0 

120.0 

140.0 

160.0 

180.0 

199 

19.9 

39.8 

59.7 

79.6 

99.5 

119.4 

139.3 

159.2 

179.1 

198 

19.8 

39.6 

59.4 

79.2 

99.0 

118.8 

138.6 

158.4 

178.2 

197 

19.7 

89.4 

59.1 

78.8 

98.5 

118.2 

137.9 

157.0 

177.3 

196 

19.6 

89.2 

58.8 

78.4 

98.0 

117.6 

137.2 

156.8 

176.4 

195 

19.5 

89.0 

58.5 

78.0 

97.5 

117  0 

130.5 

156.0 

175.5 

194 

19.4 

88.8 

58.2 

77.6 

97.0 

116.4 

135.8 

155.2 

174.6 

193 

19.3 

88.6 

57.9 

77.2 

96.5 

115.8 

135.1 

154.4 

173.7 

192 

19.2 

88.4 

57.6 

76.8 

96.0 

115.2 

134.4 

153.6 

172.8 

l.il 

19.1 

88.2 

57.3 

76.4 

95.5 

114.6 

133.7 

152.8 

171.9 

190 

19.0 

38.0 

57.0 

76.0 

95.0 

114.0 

133.0 

152.0 

171.0 

189 

18.9 

•^7.8 

56.7 

75.6 

94.5 

113.4 

i;32.3 

151.2 

170.1 

1H8 

18.8 

87.6 

56.4 

75.2 

94.0 

112.8 

131.6 

150.4 

169.2 

»187 

18.7 

37  4 

56.1 

74.8 

93.5 

112.2 

130.9 

149.6 

168.3 

186 

18.6 

37.2 

65.8 

74.4 

93.0 

111.6 

130.2 

148.8 

167.4 

185 

18.5 

37.0 

55:5 

74.0 

92.5 

111.0 

129.5 

148.0 

166.5 

184 

18.4 

36.8 

55.2 

73.6 

92.0 

110.4 

128.8 

147.2 

165.6 

183 

18.8 

36.6 

54.9 

73.2 

91.5 

109.8 

128.1 

146.4 

164.7 

182 

18.2 

36.4 

54.6 

7'2.8 

91.0 

100.2 

127.4 

145.6 

163.8 

181 

18.1 

36.2 

54.3 

72.4 

90.5 

108.6 

126.7 

144.8 

162.9 

180 

18.0 

36.0 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 

162.0 

179 

17.9 

35.8 

53.7 

71.6 

89.5 

107.4 

125.3 

143.2 

161 

[339] 


TABLE  XXIY. — ^LOOABITHMfl  OF  NTTMBBBS, 


No.  f^  L.  380.] 


[No.  269  L.  431. 


N. 


240 
1 
2 
3 
4 
5 


380211 

2t)17 
3815 
5(j()r) 
7390 
9166 


0392 

2197 
3995 
6785 
7568 
9343 


9 

8 

0573 

0754 

2377 

2557 

4174 

4a5:) 

59()4 

6142 

7746 

7924 

9520 

9696 

0934 
2r37 
4533 
6321 
8101 
9875 


6  3909:35 


7 
8 
9 

250 
1 

2 

3 

4 

,  5 

6 


8 
9 

260 
1 
2 
3 

4 
5 

6 
7 
8 
9 


2697 
4452 
6199 

7940  8114 
9674  9847 


1112 
2873 
4627 
6374 


401401 
3121 
4831 
0540 
8240 
9933 


1573 
3292 
5005 
6710 
&410 


411620 
3300 

4973 

(mi 

8301 
9956 


0102 
1788 
3467 

5140 
6807 
8467 


421604 
3246 
4882 
6511 
8135 
9752 

43 


0121 
1768 
3410 
5045 
6(574 
8297 
9914 


1288  I  1464     1641 


3048     3224 

4802 

6548 


8287 


0020 
1745 
3464 

5176 
6881 
8579 


4977 
6722 

8461 

0192 
1917 
3635 
5346 

7051 
8749 


3400 
5152 
6896 

8634 


0271 
1956 
3635 

5307 
6973 


0440 
2124 

3803 

5474 

7139 


0365 

2089 
.8807 
5517 
7221 
8918 


0609 
2293 
3970 

5641 

,7306 


8633  8798  8964 


0286 

ia*« 

3574 
5208 
0836 
8459 


0451 
2097 
3787 
5371 

mm 

8621 


0616 
2261 
3901 
5534 
7161 
8783 


0075  :  0336  I  0398 


1115 
2917 
4712 
6499 
8279 


0051 

18^7% 

3575 

5328 

7071 


1476 
3277 


1296 
3097 
4891  5070 
6677  6856 
»456  8634 


8 


1656 

«456 

6249 

7034 

8811 


9 


0228 
1993 
3751 
5501 


0405 
2169 
3926 
6676 


7245  7419 


8808  8981 


06:38 

22(>1 

3978 

,  5688 

I  7.fJl 

9087 


oni 

2433 

4149 
5858 
7561 
9257 


0777 
2461 
4137 

5808 
74^2 
9129 


0781 
i^426 

4065 
5697 
7324* 
8944 


0559 


0582 
2345 
4101 
6850 
7593 


1837 

181 

36:36 

180 

6428 

179 

7212 

178 

8989 

178 

0759 

177 

2521 

176 

4277 

176 

9154  9328 


6025 
7766 

9501 


0883 
2605 
4320 
6029 
7731 
9426 


1056 
2777 
4492 
6199 
7901 
9595 


1228 
2949 
4663 
6370 
8070 
9764 


0940      1114 
2fi2<) 


4305 

6974 
76:38 
9295 


2796H-«964 
4472 


6141 
7804 
9460 


1283 
2964 
4639 


6308 
7970 
9625 


0945 
2590 
4228 
5860 
7486 
9100 


1110 
2754 
431« 
6023 
7648 
9268 


1275 
2918 
4555 
■  6186 
7811 
9429 


0720  0881  I  1042 


1451 

3i:^ 

4806 

6474 
8135 
9791 


1439* 

9082 
4718 
6319 
7973 
9591 


1203 


Pboportionaij  Pabts. 


Diff. 

1 

2 

8 

4 

178 

17.8 

a5.6 

53.4 

71.2 

177 

17.7 

35.4 

53.1 

70.8 

176 

17.6 

3"5.2 

52.8 

70.4 

175 

17.5 

35.0 

52.5 

70.0 

174 

17.4 

34.8 

62.2 

69.6 

^?3 

17.3 

34.6 

51.9 

69.2 

1?2 

17.2 

34.4 

51.6 

6S.8 

171 

17.1 

34.2 

51.3 

68.4 

170 

17.0 

34.0 

51.0 

68.0 

169 

16.9 

38.8 

50.7 

67.6 

"168 

16.8 

33.6 

50.4 

67.2 

167 

16.7 

33.4 

50.1 

66.8 

106 

16.6 

33.2 

49.8 

66.4 

105 

16.5 

3:3.0 

49.5 

66.0 

164 

16.4 

32.8 

49.2 

65.6 

16:3 

16.3 

32.6 

48.9 

65.2 

102 

16.2 

32.4 

48.5 

64.8 

101 

16.1 

32.2 

48.3 

04.4 

6 

6 

7 

8 

9 

89.0 

106.8 

124.6 

142.4 

l(W.-> 

88.5 

106.2 

123.9 

141.6 

159.3 

88.0 

105.6 

12:3.2 

140.8 

158.4 

87.5 

105.0 

122.5 

140.0 

157. 0 

87.0 

104.4 

121.8 

139.2 

156.6 

8(5.5 

103.8 

121.1 

138.4 

155.7 

86.0 

10:3.2 

120.4 

137.6 

154.8 

85.5 

102.6 

119.7 

136.8 

153.9 

85.0 

102.0 

119.0 

136.0 

153.0 

84.5 

101.4 

118.3 

135.2 

152.1 

84.0 

100.8 

117.6 

134.4 

151.2 

8.3.5 

100.2 

116.9 

133.6 

150.3 

8.3.0 

99.6 

116.2 

132.8 

149.4 

82.5 

9!).0 

115.5 

132.0 

148.5 

s>.o 

98.4 

114.8 

131.2 

147.6 

81.5 

97.8 

114.1 

180.4 

146.7 

81.0 

97.2 

113.4 

129.6 

145.8 

80.5 

96.6 

112.7 

128.8 

144.9 

[340] 


TABLE  XXIV. — LOGARITIOIS  OP  NUT^rBERS. 


No.  270  L.  431.] 


[No.  299  L.  r^tf. 


N. 


270 
1 
2 
3 
4 
5 

6 
7 
8 
9 

280 
1 

2 

8 
4 

5 
6 

7 
8 

9 

290 
1 
2 
8 
4 
5 

6 

7 
8 
9 


481804 
2969 
4.569 
6168 
7751 
9388 


440909 
2480 
4045 
5604 

.  7158 
87Q6 


1625 
8130 
4729 
6322 
7909 
9491 


450249 
1786 
8818 
4845 
6866 
7882 
9392 


460898 

2398 
8898 
5383 
6868 
8847 
9822 


471292 
2756 
4216 
5671 


1066 
2687 
4201 
5760 

7818 
8861 


2 


1685 
8290 
4888 
6481 
8067 
0648 


1846 
&150 
5048 
6&10 

«m 

9806 


1224 
2793 
4357 
5915 

7468 
9015 


0408 
1940 
8471 
4997 
6518 
8033 
9548 


1048 

2548 
4042 
5582 

7016 
8495 
9969 


1438 
2903 
4362 

5816 


0557 
2093 
8624 
5150 
6670 
8184 
9694 


1198 

2697 
4191 
5680 
7164 
8643 


0116 
1585 
8049 
4508 
5962 


1381 
2950 
4513 
6071 

7628 
9170 


2007 
8610 
5207 
6799 
8884 
9964 


2167 
8770 
5367 
6957 
8542 


2328 
3980 
5526 
7116 
8701 


1538 
8106 
4669 
62^ 

7778 
9324 


0711 
2247 
8777 
5302 
6K21 
8:iS6 
9845 


1348 

2847 
4810 
5829 
7312 
8790 


0865 
2400 
8930 
5454 
6973 
8487 
9995 


1499 

2997 
4490 
5977 
7460 
8938 


0122  1  0279 
1695  I  1852 
3268  8419 


4825 
6882 

7933 
9478 


1018 
2553 
4082 
5606 
7125 
8638 


02(;r  0410 

1732  1878 

3195  3341 

4(>58  47i)9 

6107  6252 


0146 
1649 

8146 
4689 
6126 
7608 
9085 


2488 
4090 
5085 
7275 
8859 

0487 
2009 
8576 
5137 
6692 


4981 
6537 

8088  8242 
9633  I  9787 


U72     1326 


2706 
4235 
5758 


2859 

4387 
5910 


8 


2649 
4219 
5844 
7433 
9017 


2809 
4409 
6004 
7592 
9175 


0594 
2166 
8732 
5293 
6848 

8397 
9941 


7276  j  7428 
8789  8iU0 


0296 
1799 


0447 
1948 


8296  8445 

4788  4936 


6274 
7756 
9233 


05.57 
2025 
8487 
4944 
6397 


0704 
2171 
3GfW 
5090 
0342 


6423 
7904 
9380 


0851 
2318 
8779 
5235 

6687 


1479 
3012 
4540 
6062 
7579 
9091 


0752 
2823 

8889 
5449 
7003 

8552 


0597 
2096 

8594 
5085 
6571 

8052 


0095 
1633 
8165 
4692 
6214 

7?ai 

9242 


0748 
2248 

3744 
5234 
6719 

8200 


9527  !  9675 


0998 
2464 
8925 
5881 
6832 


1145 
2610 
4071 
5526 
6976 


Proportional  Parts. 


Diff. 


161 
160 
159 
159 
158 

158 
157 
157 
156 
155 

155 

154 
154 
153 
153 
152 
1,52 
151 

151 
150 

150 
149 
149 

148 
148 

147 
146 
146 
146 
145 


Diff. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

161 

16.1 

82.2 

48.3 

04.4 

80.5 

96.6 

112.7 

128.8 

144.9 

160 

16.0 

32.0 

48.0 

64.0 

80.0 

96.0 

112.0 

128.0 

144.0 

159 

15.9 

31.8 

47.7 

&3.6 

79.5 

95.4 

111.8 

127.2 

143.1 

158 

15.8 

31.6 

47.4 

63.2 

79.0 

94.8 

110.6 

12(5.4 

142.2 

157 

15.7 

81.4 

47.1 

62.8 

78.5 

94.2 

100.9 

125.6 

141.3 

1.56 

15.6 

31.2 

46.8 

62.4 

78.0 

93.6 

109.2 

124.8 

110.4 

155 

15.5 

31.0 

46.5 

62.0 

77.5 

93.0 

108.5 

124.0 

139.5 

154 

15.4 

30.8 

46.2 

61.6 

rr.o 

92.4 

107.8 

123.2 

138.6 

153 

15.8 

30.6 

45.9 

CI. 2 

76.5 

91.8 

107.1 

122:4 

137.7 

152 

15.2 

30.4 

45.6 

60.8 

76.0 

91.2 

106.4 

121.6 

136.8 

151 

15.1 

80.2 

45.3 

60.4 

75.5 

90.6 

105.7 

120.8 

135.9 

130 

15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

105.0 

120.0 

135.0 

149 

14.9 

29.8 

44.7 

59.6 

74.5 

89.4 

104.3 

119.2 

184.1 

148 

14.8 

29.6 

44.4 

59.2 

74.0 

88.8 

103.6 

118.4 

133.2 

147 

14.7 

29.4 

44.1 

58.8 

73.5 

88.2 

102.9 

117.6 

132.3 

146 

14.6 

29.2 

43.8 

58.4 

73.0 

87.6 

102.2 

116.8 

131.4 

145 

14.5 

29.0 

43.5 

58.0 

72.5 

87.0 

101.5 

116.0 

130.5 

144 

14  4 

28.8 

43.2 

57.6 

72.0 

86.4 

100.8 

11.5.2 

129.6 

143 

14.8 

28. 6 

42.9 

57.2 

71.5 

R5.8 

100.1 

114.4 

128.7 

142 

14.2 

28.4 

42.6 

W5.8 

71.0 

a5.^2 

99.4 

113.0 

127.8 

141 

14.1 

28.2 

42.3 

56.4 

70.5 

84.6 

98.7 

112.8 

12<^ 

1-10 

14.0 

28.0 

42.0 

56.0 

70.0 

84.0 

98.0 

112.0 

1? 

[341] 


TABLE  XXIV. — LOGAKITIIMS  OP  NUMBSBB. 


No.  300  L.  477.1 


[No.  839  L.  531. 


N. 


800 
1 

2 

3 
4 
5 
6 

r» 
I 

8 
9 

310 
1 
2 
8 
4 
5 
6 

7 
8 
9 

320 
1 
2 
8 

4 
5 
6 

7 
8 
9 

330 
1 

2 
3 
4 
5 
6 
7 
8 

9 


477121 
8566 


480007 
1443 
2874 
4300 
5721 
7138 
8551 
9958 


491362 
2760 
4155 
6&i4 
6930 
8311 
9687 


501059 
2427 
3791 

5150 
6505 
7856 
9203 


510545 

1883 
8218 
4548 
5874 
7196 

8514 
9828 


521138 
2^144 
8746 
5045 
6339 
7630 
8917 


7266 
8711 


0151 
1586 
3016 
4442 
5863 
7280 
8692 


0099 

1502 
2900 
4294 
5683 
7068 
8448 
9824 


1196 
2564 
3927 

5286 
6640 
7991 
9337 


0679 
2017 
3351 
4681 
6006 
7828 

8646 
9959 


1269 
2575 
8876 
5174 
6469 
7759 
9045 


a 


7411 
8855 


0294 
1729 
8159 
4685 
6005 
7421 
8833 


0289 

1642 
9040 
4433 
5822 
7206 
8586 
9962 


1883 

2700 
4063 

5421 
6776 
8126 
9471 


0813 
2151 
3484 
4813 
6139 
7460 

8777 


D090 
1400 
2705 
4006 
5304 
6598 
7888 
9174 


530200  I  0328  1  045t) 


7555 
8999 


0438 
18?2 
3302 
4?-J7 
6147 
7563 
8974 


0380 

1782 
3179 
4572 
5960 
7844 
8724 

0099 
1470 
2aS7 
4199 

5557 
6911 
82(i0 
9606 


0947 
2284 
8617 
41U6 
6271 
7592 

8909 


0221 
1580 
2835 
4136 
5434 
6727 
8016 
9:i02  , 


4 

» 

7700 

7844 

9148 

9287 

0582 

0725 

2016 

2159 

8445 

8587 

4869 

5011 

6289 

6430 

7704 

7845 

9114 

9255 

0520  I  0661 


1922 

I  2062 

a319 

8458 

4711 

4850 

(5099 

6238 

7483 

7621 

8862 

8999 

0236 

0374 

1607 

1744 

2973 

3109 

43.35 

i471 

5693 
7046 
8395 
9740 


1081 
2418 
8750 
5079 
6403 
7724 

9040 


0353 
1661 
2966 
4266 
5563 
6a56 
8146 
9430 


5828. 
7181 
8530 

9874 


I  1215 

2551 

3883 

5^211 

;  65;i5 

I  7855 

I  9171 


7989 
9431 


8 


0869 
2302 
8730 

5158 
6572 
7986 
9396 


8138 
9575 

1012 

2445 

887S 

.5296 

6714* 

8127 

9637 


8278 
9719 

1156 
2588 
4015 
5437 
6855 
8269 
9677 


0601 

2201 
a597 
4989 
6376 
7759 


0941 

2341 
3737 
5128 
6515 
7897 


9137  ;  9275 


0511  ; 
1880 
3246 
4607 

5964 
7316 
8664 


0648 
2017 
8882 
4748 

6099 
7451 
8799 


1081 

2481 
8876 
5267 
6658 
8035 
9412 


0785 
2154 
8518 
4878 

6284 
7586 
8934 


0009 
1349 
2684 
4016 
5^44 
6C68 
7987 

9303 


0143 
1482 
2818 
4149 
5470 
6800 
8119 

9484 


0484 

0615 

0745 

1702 

1922 

2058 

3096 

3226 

3356 

4396 

4526 

4656 

5698 

5822 

5961 

6985 

7114 

7243 

8274 

8402 

8531 

95ii9 

9687 

9815 

0584  I  0712  I  Oa40  •  0968  i096 


Diff. 


8422 
9868 

1299 
2731 
4157 
6679 
6997 
8410 
9618 


1222 

2621 

4015 
5406 
6791 
8178 
95eO 


0277 

0411 

1616 

1750 

2961 

8084 

4282 

4415 

5609 

6741 

6982 

70r4 

8251 

8£82 

9566 

9697 

0876 

1007 

2183 

2314 

3486 

8616 

4785 

4916 

6081 

6210 

7372 

7£01 

8660 

8788 

9048 

0072 
1351 

1283 

Proportional  Parts. 


Diflf. 

1 

2 

3 

139 

13.9 

27.8 

41.7 

138 

13.8 

27.6 

41.4 

137 

13.7 

27.4 

41.1 

136 

13.6 

27.2 

40.8 

135 

13.5 

27.0 

40.5 

134 

13.4 

26.8 

40.2 

133 

13.8 

26.6 

39.9 

132 

13.2 

26.4 

89.6 

131 

13.1 

26.2 

89.3 

*> 

13.0 

26.0 

89.0 

12.9 

25.8 

88.7 

12.8 

25.6 

384 

12  7 

25.4 

38.1 

6 


69.5 
69.0 
68.5 
68.0 
67.5 
07.0 
66. 5 
66.0 
65.5 
65.0 
&4.5 
64.0 
63.5 


83.4 
82.8 
82.2 
81.6 
81.0 
80.4 
79.8 
79.2 
78.6 
78.0 
77.4 
76.8 
76.2 


7 

8 

97.3 

111.2 

96.6 

110.4 

95.9 

109.6 

95.2 

108.8 

94.5 

108.0 

93.8 

107.2 

93.1 

106.4 

92.4 

105.6 

91.7 

104.8 

91.0 

104.0 

90.8 

108.2 

89.6 

102.4 

88.9 

101.6 

0922 

137 

2291 

187 

8656 

126 

5014 

1S6 

6870 

186 

7721 

135 

9068 

135    1 

r,  .^1 


TABLE  XXrV. — LOGARITHMS  OP  NUMBEBS. 


Xo.  340  L.  531.] 


[No.  379  L.  579. 


N. 


1340 
1 
2 
3 
4 
5 
6 

7 
8 
9 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 

4 
5 
6 
7 
8 
9 

370 
1 

2 
3 

4 
5 
6 

7 
8 
9 


0 

1 

531479 
2754 
4026 
5294 
6558 
7819 
9076 

1607 
2882 
4153 
&421 
6685 
7945 
9202 

540329 
1579 
2825 

4068 
5307 
6543 
7775 
9003 

0455 
1704 
2950 

4192 
&431 
6666 
7898 
9126 

550228 
1450 
2068 
3883 
5094 

6303 
7507 
8709 
9907 

0351 
1572 
2790 
4004 
5215 

6423 
7627 
8829 

0026 
1221 
2412 
3600 
4784 
5966 
7144 

8319 
9491 

561101 
2293 
3481 
4666 
5848 
7026 

8202 
9374 

2 


1734 

3009 
4280 
5547 
6811 
8071 
9327 


0580 
1829 
3074 

4316 
5555 
6789 
8021 
9249 


1862 
3186 
4407 
5674 
6937 
8197 
9452 


0705 
1953 
8199 

4440 

5678 
6913 
8144 
9371 


0473 
1694 
2911 
4126 
5336 

6544 

rr48 

8948 


0146 
1340 
2531 
3718 
4903 
6084 
7262 

8436 
9608 


570543 

0660 

1709 

1825 

2872 

2988 

4031 

4147 

5188 

5303 

6341 

fr457 

7492 

7607 

8639 

8754 

0776 
1942 
3104 
4263 
5419 
6572 
7722 
8868 


0595 
181^ 
3033 
4247 
5457 

6664 

7868 
9068 


0265 
1459 
2650 
3837 
5021 
6202 
7879 

8554 
9725 


0893 
2058 
3220 
4379 
^U 
6687 
7836 
8983 


1990 
3264 

4534 
5800 
7063 
8322 
9578 


2117 
3391 
4661 
5927 
7189 
8448 
9703 


0830 
2078 
3323 

4564 

5802 
7036 
8207 
9494 


0955 
2203 
a447 

4688 
6925 
7159 
8389 
9610 


0717 
1938 
3155 
4368 
5578 

6785 
7988 
9188 


0840 
2060 
3276 
4489 
5699 

6905 
8108 
9308 


2245  ;  2372 

3518  3645 

4787  4914 

6053  6180 

7315  7441 

8574  8699 


9829 


1080 
2327 
3571 

4812 
6049 
7282 
8512 
9739 


0962 
2181 
3398 
4610 
6820 

7026 
8228 
9428 


038.1 

,  0504 

1578 

'  1698 

2769 

2887 

3955 

4074 

5139 

5257 

6320 

0437 

7497 

7614 

8671 

8788 

9842 

9959 

0G34 
1817 
3006 
4192 
5376 
6555 
7732 

8905 


1010 

1126 

2174 

2291 

3336 

3452 

4494 

1  4610 

5C50 

5765 

6802 

6917 

7951 

1  8006 

9097 

9212 

0076 
1243 

3407 
3568 
4?26 
6880 
71032 
8181 
9326 


9954 


1205 
2452 
3696 

4936 
6172 
740& 
8635 
9861 


1084 
2303 
3519 
4731 
5940 

7146 
8349 
9548 


0743 
1936 
3125 
4311 
5494 
6673 
7849 

9023 


0198 

1359H 

2523 

3684 

4841 

5996 

7147 

8295 

9441 


8 


9 


2500 
3772 
5041 
6306 
7567 
8825 

0079 
1330 
2576 
8820 

6060 
6296 
7529 
8758 
9984 


1206 
2425 
3640 

4852 
6061 

7267 
8469 
9667 


2627 
3899 
5167 
6432 
7693 
8951 

0204 
1454 
2701 
3944 

5183 
6419 
7652 
8881 


0106 
1828 
2547 
8762 
4973 
6182 

7387 
a^89 
9787 


0863 
2055 
8244 
4429 
5612 
6791 
7967 

9140 


0982 
2174 
3362 
4548 
5r30 
6909 
8084 

9257 


0309 
1476 
2639 
8800 
4957 
6111 
7262 
8410 
9555 


0426 
1592 
2755 
8915 
5072 
6226 
7877 
8525 
9669 


Diff. 


128 
127 
127 
126 
126 
126 

125 
125 
125 
124 

124 
124 
123 
123 

128 
122 
122 
121 
121 
121 

120 
120 
120 

119 
119 
119 
119 
118 
118 
118 

117 

117 
117 
116 
116 
116 
115 
115 
115 
114 


Pbopobtional  Pasts. 


Diff. 


I  128 
I  127 
I  136 
125 
1^ 
123 
122 
121 
120 
119 


1 

2 

3 

4 

5 

6 

7 

8 

12.8 

25.6 

38.4 

51.3 

64.0 

76.8 

89.6 

102.4 

12.7 

25.4 

38.1 

,  50.8 

63.5 

76.2 

88.9 

101.6 

12.6 

25.2 

87.8 

50.4 

63.0 

75.6 

88.2 

100.8 

12.5 

25.0 

37.5 

50.0 

62.5 

75.0 

87.5 

100.0 

12.4 

34.8 

37.3 

49.6 

62.0 

74.4 

86.8 

99.2 

12.3 

34.6 

36.9 

49.2 

61.5 

73.8 

86.1 

98.4 

12.2 

34.4 

36.6 

48.8 

61.0 

73.2 

85.4 

97.6 

12.1 

34.3 

36.3 

48.4 

00.5 

72.6 

84.7 

96.8 

12.0 

34.0 

36.0 

48.0 

60.0 

72.0 

84.0 

96.0 

11.9 

38.8 

35.7 

47.6 

59.5 

71.4 

83.3 

95.2 

9 


115.2 
114.3 
113.4 
112.5 
111.6 
110.7 
109.8 
108.9 
108.^ 
10' 
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TABLE   XXlV. — ^LOGARlTHMa  OlT  NtTMBftliS. 


No.  880.  L.  579.] 


[No.  414  L.  617. 


N. 


380 

1 
2 
3 
4 
5 
6 
7 

•I 

3fl0 
1 
2 
3 
4 
5 
6 
7 
8 

9 

400 
1 
2 
3 
4 
5 
6 
7 

8 
9 

410 
1 
2 
3 
4 


579784 


580925*1 
2063 
3199 
4331 
5461 
6587 
7711 
8832 
9950 


9696 


1039 
2177 
3312 
4444 
5674 
6700 
7823 
8941 


591065 
2177 
3286 
4393 
5496 
6597 
7695 
8791 
9883 


600973 

2060 
3144 
4226 
5305 
6381 
7465 
8526 
9594 


•010660 
1723 

27H4 
3842 
4897 
5950 
7000 


0061 

1176 
2288 
3397 
4503 
5606 
6707 
7805 
8900 
9992 


3 


0012 

1153 
2291 
3426 
4537 
5686 
6812 
7935 
9056 


0126 

1267 
2404 
3539 
4670 
5799 
6925 
8047 
9167 


1082 

2169 
3253 
4334 
M13 
6489 
7562 
8633 
9701 


0767 
1829 

2890 
3947 
5003 
6055 
7105 


0178 

1287 
2399 
3508 
4614 
5717 
6817 
7914 
9009 


0101 
1191 

2277 
3361 
4442 
5521 
6596 
7669 
8740 
9808 


0873 
1936 

2996 
4053 
5108 
6160 
7210 


0284 

1399 
2510 
3618 
4724 
5827 
6927 
8024 
9119 

0210 
1299 

2386 
8469 
4550 
5628 
6704 
7777 
8847 
9914 


0979 
2042 

8102 
4159 
5213 
6265 
7315 


0241 

1381  I 

2518  ' 

3652 

4783 

5912 

70^37 

8160 

9279 


6 


'0396 

1510 
2621 
3729 

4834 
5937 
7037 
8134 
9228 


0319 
1408 

2494 

a577 
4658 
5736 
6811 

7884 
8954 


0021 
1086 
2148 

3207 
4264 
5319 
6370 
7420 


0356 

1495  ' 

2631 

37(i5 

4896 

6024 

7149 

8272 

9391 


0469  I  0688 


1608  I 
2745  , 
3879  ; 
5009 
6137 
7262 
8384 
9503 


1722 
2858 
3992 
5122 
6250 
7374 
8496 
9615 


0507 

0619 

1621 

•1732 

2732 

2843 

3810 

8950 

4945 

6055 

6047 

6157 

7146 

7256 

8243 

8353 

9337 

9446 

0730 

1843 
2954 
4061 
6165 
6267 
7366 
8462 
9556 


0428 
1517 

2603 
3686 
4766 
5844 
6919 
I  7991 
,  9061 


0537 
1626 

2711 
3794 
4874 
5951 
7026 
8098 
9167 


0646 
1734 

2819 
3902 
4982 
6059 
7133 
8206 
9274 


0)2S 

02*4 

1192 

1298 

2254 

2360 

3313 

8419 

4370 

4475 

5424 

5529 

6476 

6581 

7525 

7629 

0341 
1405 
2466 

3525 
4581 
5634 
6686 
7734 


8 


0697 

1836 

2972 
4105 
52:55 
6362 
7486 
8608 
9726 


0842 

1955 
8064 
4171 
5276 
6377 
7476 
8672 
9665 


0755 
1843 

2928 
4010 
5089 
6166 
7241 
8312 
9381 


0447 
1511 
2572 

3630 
4680 
5740 
6790 
7839 


9 


0611 

1950 
8085 
4218 
6»48 
6475 
7599 
8720 
9838 


0968 

2066 
8175 
4282 
5386 
6487 
7586 
8681 
9774 


0864 
1951 

3036 

4118 
5197 
6274 
7348 
8419 
9488 


0554 

1617 
2878 

3736 
4792 
6845 
6895 
7943 


Diff. 


114 

113 
112 


111 


110 


109 


108 


107 


106 


105 


pROPORTioNAi*  Pasts. 


Difif. 

118 
117 
116 
115 
114 
113 
112 

111 
110 
109 
108 
107 
106 
105 
105 


1 

2' 

3 

4 

5 

6 

7 

11.8 

23.6 

35.4 

47.2 

59.0 

70.8 

82.6 

11.7 

23.4 

35.1 

46.8 

58.5 

70.2 

81.9 

11.6 

23.2 

S4.8 

40.4 

58.0 

69.6 

81.2 

11.5 

23.0 

34.5 

46.0 

57.5 

69.0 

80.5 

11.4 

22.8 

34.2 

45.0 

57.0 

68.4 

79.8 

11.3 

22.6 

33.9 

45.2 

56.5 

67.8 

79.1 

11.2 

22.4 

33.6 

44.8 

56.0 

67.2 

78.4 

11.1 

22.2 

33.8 

44.4 

55.5 

66.6 

77.7 

11.0 

22.0 

33.0 

44.0 

55.0 

66.0 

77.0 

10.9 

21.8 

32.7 

48.6 

54.5 

65.4 

76.8 

10.8 

21.6  ■ 

32.4 

43.2 

54.0 

64.8 

75.6 

10.7 

21.4 

32.1 

42.8 

5:^.5 

64.2 

74.9 

10.6 

21.2 

31.8 

42.4 

53.0 

63.6 

74.8 

10.5 

21.0 

31.5 

42.0 

52.5 

63.0 

73.6 

10. B 

21.0 

31.6 

42.0 

bz.o 

63.0 

73.5 

10.4 

20.8 

31.2 

41.6 

52.0 

62.4 

72.8 

8 


.4 
,6 
.8 


94. 

93. 

92. 

92.0 

91.2 

90.4 

89.6 

88.8 
88.0 
87.2 
86.4 
85.6 
84.8 
84.0 
84.0 
83.2 


9 


106.2 
105.3 
10J.4 
10S.5 

ioy.6 

101.7 
100.8 

99.9 
99.0 
98.1 
97.3 
96.3 
96.4 
94.5 
94.5 
98 
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TABLE  XXIV. — LOGARITHMS   OF  NUMBERS. 


No.  415  L.  618.] 


[No.  459  L.  662 


N. 

0 

1 

2 

8 

4 

415 

618048 

1 
8153 

8257 

8362 

8466 

6 

9093 

9198 

9302 

9406 

9511 

7 

690136 

0240 

0344 

0448 

0552 

8 

1176 

1280 

1384 

1488 

1592 

9 

2214 

2318 

2421 

2525 

2628 

420 

3249 

3353 

3456 

3559 

3663 

1 

42H2 

4385. 

4488 

4591 

4695 

2 

5ai2 

5415 

6518 

5621 

5724 

3 

6340 

6443 

6546 

6648 

6751 

4 

7366 

7468 

7571 

7673 

7775 

5 

8389 

8491 

8593 

8695 

8797 

6 

9410 

9512 

9613 

9715 

9817 

7 

630428 

0530 

0031 

0733 

0835 

8 

1444 

1546 

1647 

1748 

1849 

9 

8457 

2559 

2660 

2761 

3862 

430 

3468 

3569 

3670 

3771 

2872 

1 

4477 

4578 

4679 

477'9 

4880 

2 

5484 

5584 

5686 

5785 

5886 

3 

6488 

6588 

6688 

6789 

6889 

4 

7490 

7590 

7690 

7790 

7890 

& 

8489 

8589 

8689 

8789 

8888 

6 

9486 

9586 

9686 

9785 

9885 

7 

640481 

0581 

0680 

0779 

0879 

8 

1474 

1573 

1672 

•1771 

1871 

9 

2465 

2563 

2662 

2761 

2860 

440 

3453 

8551 

3650 

3749 

3847 

1 

4439 

4537 

46;^ 

4784 

4832 

2 

5422 

5521 

5619 

5717 

5815 

3 

6404 

6502 

6600 

6698 

6796 

4 

7383 

7481 

7579 

7676 

77^'4 

5 

8360 

8458 

8555 

8653 

8750 

6 

9335 

9432 

9530 

9627 

9724 

7 

650308 

0405 

0502 

0599 

0696 

8 

1278 

1375 

1472 

1569 

1666 

9 

2246 

2343 

2440 

2536 

2683 

450 

3213 

3309 

3405 

3502 

3598 

1 

4177 

4273 

4369 

4465 

4562 

2 

5138 

5235 

5331 

5427 

6523 

3 

6098 

6194 

6290 

&386 

6482 

4 

7056 

7152 

7247 

7343 

7438 

5 

8011 

8107 

8202 

8298 

8393 

6 

8965 

9060 

9155 

9250 

9346 

7 

9916 

0011 
0960 

0106 
1055 

0201 
1150 

0296 
1246 

8 

660665 

9 

1813 

1907 

2002 

2096 

2191 

5 


8571 
9615 

0656 
1695 
2732 

3766 
4798 
5827 
6853 
7878 
8900 
9919 

0936 
1951 
2963 

3973 
4981 
5986 
6989 
7990 
8988 
9984 


0 


1. 


8676 
9719 

0760 
1799 
2835 


8780 
9824 

0864 
1903 
2939 


38C9  3973 
4901  I  6004 


8884 
9928 

0968 


8989 


0032 
107'2 
2007  2110 


3042 


5929 
6956 
7980 
9002 

0021 
iaS8 
2052 
8064 

4074 
5081 
6087 
7089 
8090 
9088 


4076 
5107 
6032  6135 
058  7161 


3146 

4179 
5210 
6238 
7263 


8082  I  8185  '  8287 
9104  I  9206  !  9306 


0123 
1139 
2153 
3165 

4175 
5182 
6187 
7189 
8190 
9188 


0224  i  0326 

1241  !  1342 

2255  !  2356 

3266  3367 


4276 
5288 
6287 
7290 
8290 
9287 


4376 
5883 
6388 
7390 
8389 
9887 


0978 
1970 
2959 

3946 
4931 
5913 
6894 

7'872 
8848 
9821 


0391 
1339 
2286 


0084 

oias 

1077 

1177 

2069 

2168 

3058 

3156 

4044 

4143 

5029 

5127 

6011 

6110 

6992 

7089 

7969 

8067 

8945 

9043 

9919 

0016 

0890 

0987 

1859 

1956 

2826 

2923 

3791 

3888 

4754 

4850 

6715 

6810 

6673 

6769 

7629 

7725 

8584 

8679 

9586 

9631 

0480 

0581 

1434 

1529 

2380 

2475 

0283 
1276 
2267 
3255 

4842 

5226 
6208 
7187 
8165 
9140 


0113 
1084 
2053 
3019 

3984 
4946 
5906 
6864 
7820 
8774 
9726 


0676 
1623 
2569 


0382 
1375 
2366 
3354 

4340 
5324 
6306 
7285 
8262 
9237 

0210 
1181 
2150 
3116 

4080 
5042 
6002 
6960 
7916 
8870 
9821 

0771 
1718 
2663 


Diff. 


105 
104 

103 
102 


101 


100 


99 


98 


97 


96 


95 


1 

Proportional  Parts. 

!  DiflP. 

1 

1 

2 

3 

4 

6 

6 

7 

8 

9 

T  105 

10.5 

21.0 

31.5 

42.0 

52.5 

63.0 

73.5 

84.0 

94.5 

104 

30.4 

20.8 

31.2 

41.6 

52.0 

62.4 

72  8 

83.2 

93.6 

103 

10.3 

20.6 

80.9 

41.2 

51.5 

61.8 

72  1 

82.4 

92.7 

102 

10.2 

20.4 

30.6 

40.8 

51.0 

e«i.2 

71  4 

81.6 

91.8 

101 

10.1 

20.2 

30.3 

40.4 

50.5 

60.6 

70  7 

80.8 

90.9 

100 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70  0 

80.0 

90.0 

99 

9.9 

19.8 

29.7 

39  6 

49.5 

59.4 

69.3 

79.2 

89.1 

t345] 


TABLE  XXIV. — LOGARITHMS   OF  IT^MBERS. 


<fo.  460  L.  602.1 


[No.  499  L.  696. 


N 

160 
1 
2 
3 
4 
5 
6 


470 
1 
2 
3 
4 
5 
6 
7 
8 

9 

480 
1 
2 
3 
4 
6 
6 
7 
8 
9 

490 
1 
2 
3 

4 
5 
6 
7 
8 
9 


662758 
3701 
4642 
6581 
6518 
7453 
8386 
9317 


2862 
3795 
4736 
5675 
6612 
7546 
8479 
»410 


8  '  670246  I  0339 

9  1173  I  1265 


2098  '  2190 

8021  '  3113 

3942  4034 

4861  ,  4953 


6778 
6694 
7607 
8518 
9428 


680336 

1241 
2145 
3047 
3947 
4^45 
5743 
6636 
7539 
8420 
9809 


690196 
1081 
1965 
3847 
3727 
4605 
5483 
6356 
7229 
8100 


5870 
6785 
7698 
8009 
9519 


0426 

1333 
2335 
3137 
4037 
4985 
5831 
6726 
7618 
8509 
9398 


0285 
1170 
2058 
3935 
8815 
4698 
55^9 
6444 
7317 
8188 


2 


2947 

8889 
4830 
5769 
6705 
7640 
8672 


9503  9596 


0431 
1358 

2283 
3305 
4136 


0524 
1451 

2375 
3397 
4318 


5045  '  5i;^ 


5963 
6876 


6053 
6968 


7789  !  7881 
8700  I  8791 
9610  I  9700 


0517  I  0607 


1433 

3336 
3337 
4127 
5035 
5921 
6815 
7707 
8598 
9486 


1518 
3416 
3317 
4217 
5114 
6010 
6904 
7796 
8687 
9575 


0873 
1258 
2142 
3038 
8908 
4731 
5057 
6531 
7404 
8375 


0463 
1»47 
3230 
8111 
3991 
4868 
5744 
6618 
7491 
8863 


3041 
39H3 
4934 
5862 
6799 
7783 
8665 


3135 

4078 
5018 
5956 
6893 
7836 
8759 
9689 


0617  I 
1543 

2467 
3390 
4310 
5228 
6145 
7059 
7973 
8883 
9791 


3230 

4172 
5113 
6050 
6986 
7930 
8853 
9782 


1603 
2506 
8407 
4307 
5304 
6100 
6994 
7aS6 
8776 
9664 


0550 
1485 
2818 
8199 
4078 
4956 
58:33 
6706 
7578 
8449 


0710 
1686 

3560 
8483 
4403 
5820 
6386 
7151 
8068 
8973 


0608   0789 


16a3 
3596 
3497 
4396 
53&4 
6189 
'  7083 
;  7975 
8865 
9753 


0639 
1534 
^106 
3387 
4166 
5044 
5919 
6793 
7665 
8585 


e 

7 

3324 

3418 

4266 

4360 

5206 

6399 

6143 
7079 

^^ 

8013 

8106 

8945 

9038 

9875 

9967 

0802 

0895 

1738 

1821 

2652 
3574 
4494 
5412 
6328 
7343 
8154 
9064 
9973 


0879 

1784 
2686 
3587 
4486 
5883 
6379 
7173 
8064 
8953 
9841 


0728 
1612 
2494 
8875 
4254 
6131 
6007 
6880 
7753 
8633 


2744 
3666 
4586 
5503 
6419 
7333 
8245 
9155 


0063 
0970 

1874 
2777 
3677 
4576 
6473 
6368 
7261 
8153 
9042 
9980 


0816 
1700 
2583 
8463 
4312 
5219 
6094 
6968 
7839 
8709 


8 

. 

3612 

3607 

4454 

4648 

5393 

5487 

^.6831 

6424 

Tim 

7360 

8199 

8293 

9131 

9224 

0060 

0153 

0988 

1080 

1913 

2005 

2836 

2929 

8758 

3850 

4677 

4769 

5595 

5687 

6511 

6602 

74JU 

7516 

8336 

8427 

9246 

9837 

0154 

0245 

1060 

1151 

1964 

2055 

2867 

2957 

8767 

3857 

4666 

4756  ^ 

6663 

5652 

6468 

6547 

7351 

7440 

.8242 

8831 

9131 

9220 

0019 

0107 

0905 

0993 

1789 

1877 

2671 

2759 

a55i 

8639 

44:^0 

4517 

6307 

6894 

6182 

6269 

7055 

7142 

7936 

8014 

8796 

8883 

Diff. 


94 


93 


92 


91 


90 


89 


88 


87 


Pboportionaij  Parts. 


Diff. 


98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 


9.8 
9.7 
9.6 
9.5 
9.4 
9.3 
9.2 
9.1 
9.0 
8.9 
8.8 
8.7 
8.6 


2 


19.6 
19.4 
19.2 
19.0 
18.8 
18.6 


18.4 

18.2 

18.0 

17.8 

17.6 

17 

17 


.4 
.2 


3 


29.4 

89.2 

29  1 

88.8 

28.8 

88.4 

28.5 

88.0 

28.2 

87.6 

27.9 

37.2 

27.6 

86.8 

27.3 

86.4 

27.0 

86.0 

26.7 

a5.6 

26.4 

35.2 

26.1 

84.8 

25.8 

34.4 

5 

49.0 

48.5 

48.0 

47.6 

47.0 

46.5 

46.0 

46.5 

45.0 

44.5 

44.0 

6 


43.5 
48.0 


58.8 
58.3 
57.6 
57.0 
56.4 
55.8 
55.2 
54.6 
54.0 
58.4 
62.8 
52.2 
51.6 


7 

8 

9 

68.6 

78.4 

88.2 

67.9 

77.6 

87.3 

67.2 

76.8 

88.4 

66.6 

76.0 

85.5 

65.8 

76.2 

84.6 

65.1 

74.4 

83.7 

64.4 

78.6 

82.8 

68.7 

72.8 

81.9 

63.0 

73.0 

81.0 

62.3 

71.2 

80.1 

61.6 

70.4 

79.2 

60.9 

69.6 

78.3 

60.2 

68.8 

77.4 

TABLE  XXTV. — ^LOGABTTHMS   OP  NtTMBEBS. 


No.  500  L.  698.] 


[No.  544  L.  786. 


N. 


500 
1 

2 
3 
4 
5 
6 
7 
8 
9 

510 
1 
2 

3 
4 
5 
6 

8 
9 

520 
1 
2 
3 
4 

5 

6 
7 
8 
9 

530 
1 
2 
8 
4 

^ 

o 
'6 

7 

8 
9 

540 
1 
2 
3 

4 


;' 


69697t) 
9838 


700704 
1568 
2431 
3291 
4151 
5006 
5864 
6718 

7570 
8421 
9270 


710117 
0963 
1807 
5050 
3491 
4380 
5167 

6003 
6838 
7671 
8502 
9331 


720159 
0986 
1811 
2634 
8456 

4276 
5095 
5912 
6727 
7541 
8354 
9165 
9974 


730782 
1589 

2394 
8197 
8999 
4800 
5599 


9057 
9924 


0790 
ia54 
2517 
3377 
4236 
5094 
5949 
6803 

7656 
8506 
9355 


0202 

1048 

1892 

2734 

3575 

4414^ 

5251 

6087 
6921 
7754 
8585 
9414 


0242 
1068 
1893 
2716 
3538 

4358 
5176 
6993 
6809 
7623 
8435 
9246 


2 


9144 


0011 
0877 
1741 
2603 
3463 
4322 
5179 
6035 
6888 

7740 
8591 
9440 


0287 
1132 
1976 
2818 
3659 
4497 
5335 

6170 
^4  004 
7837 
8668 
9497 


0325 
1151 
1975 
2798 
3620 

4440 
5258 
6075 
6890 
7704 
8516 
9327 


0055 
0863 
1669 

2474 

8278 
4079 
4880 
5679 


0136 
0944 
1750 

2555 
3358 
4160 
4960 
5759 


8 

4 

6 

6 

7 

8 

9 

9231 

9317 

9404 

9491 

9578 

9664 

9751 

0098 
0963 
1827 
2689 
3549 
4408 
5265 
6120 
6974 

7826 
8676 
9524 

0184 
1050 
1913 
2775 
3635 
4494 
5350 
62C6 
7059 

7911 
8761 
9609 

0271 
1136 
1999 
2861 
3721 
4579 
5436 
6291 
7144 

7996 
8846 
9694 

0358 
1222 
2086 
2947 
3807 
4665 
5522 
6376 
7229 

8081 
8931 
9779 

0444 
1309 
2172 
3033 
3893 
4751 
5607 
6462 
7315 

8166 
9015 
9863 

0531 
1395 
2258 
8119 
8979 
4837 
5693 
6547 
7400 

8251 
9100 
9948 

0617 
1482 
2844 
8205 
4065 
4922 
5778 
6682 
7485 

8336 
9185 

0088 
0879 
1728 

2566 
3407 
4246 
5084 
5920 

6754 

7587 
8419 
9248 

0371 
1217 
2060 
2902 
3742 
4581 
5418 

6254 
7088 
7920 
8751 
9580 

0456 
1301 
2144 
2986 
3826 
4665 
5502 

6aS7 
7171 
8003 
8834 
9663 

0540 
1385 
2229 
3070 
3910 
4749 
5586 

6421 
7254 
8086 
8917 
9745 

0625 
1470 
2313 
8154 
3994 
4833 
5669 

6504 
7338 
8169 
9000 
9828 

0710 
1554 
2397 
3238 
4078 
4916 
5753 

6588 
7421 
8253 
9083 
9911 

0794 
1639 
2481 
8323 
4162 
5000 
5836 

6671 
7504 
8336 
9165 
999'4 

0077 
0903 
1728 
2552 
3374 
4194 

5013 
5830 
6646 
7460 
8278 
9084 
9883 

0407 
12;^ 

2058 
2881 
3702 

4522 
5340 
6156 
6972 

7785 
8597 
9408 

0217 
1024 
1830 

2685 
3438 
4240 
5040 
5838 

0490 
1316 
2140 
2963 
3784 

4604 
5422 
6238 
7053 
7866 
8678 
9489 

0573 
1398 
2222 
3045 
3866 

4685 
5503 
6320 
7134 
7948 
8759 
9570 

0655 
1481 
2305 
3127 
3948 

4767 
5585 
6401 
7216 
8029 
8841 
9651 

0738 
1563 
2387 
3209 
4030 

4849 
5667 
6483 
7297 
8110 
8922 
9732 

0821 
1646 
2469 
3291 
4112 

4961 
5748 
6564 
7879 
8191 
9008 
9813 

0298 
1105 
1911 

2715 
3518 
4320 
5120 
5918 
1 

0378 
1186 
1991 

2796 
3598 
4400 
5200 
5998 

0459 
1266 
2072 

2876 
3679 
4480 
6279 
6078 

0540 
1347 
2152 

2956 
3759 
4560 
5359 
6157 

0621 
1428 
2233 

8037 
3889 
4640 
5489 
6237 

0702 
1508 
2313 

8117 
8919 
4720 
5519 
6317 

Diff. 


86 


85 


84 


63 


82 


81 


80 


Proportional  Parts. 


Diff. 

1 

2 

8 

4 

5 

6 

r 

8 

9 

^87 

8.7 

17.4 

26.1 

34.8 

43.5 

52.2 

60.9 

69.6 

78.8 

86 

8.6 

17.2 

25.8 

34.4 

43.0 

51.6 

60.2 

68.8 

77 

85 

8.5 

17.0 

25.5 

34.0 

42.5 

51.0 

59.6 

68.0 

7( 

84 

8.4 

16.8 

25.2 

83.6 

42.0 

50.4 

58.8 

67.2 

'i 

[347] 


TABLE  XXIV. — ^LOOABITHMS  OF  LUMBERS. 


546  L.786.] 


[No.  684  L.  7«7. 


786897 
71tf3 

7987 
8781 
957:3 


740368 
1152 
1939 
2725 
8510 
4293 
5075 
6855 
6G:il 
7412 

8188 
8963 
9736 


750508 
1279 
2048 
2816 
3583 
4ai8 
6112 

5875 
6636 
7396 
8155 
8912 
9668 


760422 
1176 
1928 
2679 

8428 
4176 
4923 
5669 
6113 


1 

S 

» 

6476 

6556 

6635 

7272 

7362 

7431 

8067 

6146 

8225 

8860 

8939 

9018 

9651 

9781 

9810 

0442 
1230 
2018 
2804 
3588 
4371 
5153 
5938 
6712 
7489 


a'>21 

'  1309 

2096 

2882 

3667 

I  4449 

I  5281 

!  6011 

,  6790 

I  7667 


8266  8^43  8421 


0600 
1388 
2175 
2961 
3745 
4528 
5309 
6089 
6868 
7645 


9040 
9814 

0586 
1356 
2125 
2893 
8660 
4426 
6189 

6951 
6712 
7472 
8280 
8988 
9743 


9118  9196 


9691 


9968 


0668 
1433 
2202 
2970 
8736 
4501 
6265 

6027 
6788 
7548 
8306 
9063 


0740 
1510 
2279 
8047 
3813 
4578 
6341 

6103 

6864 
7624 
8382 
9139 


9819  9894 


0678 

u&r 

2254 
3039 
3823 
4606 
6387 
6167 
6946 
7722 

8498 
92?^ 


0045 
0817 
1587 
2im 
3123 
8889 
4664 
5417 

6180 
6940 
7700 
8458 
9214 
9970 


0498 

0573 

0649 

0724 

1251 

1326 

1402 

1477 

2003 

2078 

2153 

2228 

2754 

2829 

2904 

2978 

8503 

3578 

3653 

8727 

4251 

4326 

4400 

4475 

4J)98 

5072 

5147 

5221 

5743 

5818 

5892 

59t>6 

6487 

6562 

6636 

6710 

6715  I 
7511 

8806  ii 

9097  ,; 

9889  ' 


6795 
7590 
8384 
9177 
9968 


6874 
7670 
846!^ 
9256 


0047 

0757  0836 

1546  1624 

2382  2411 

3118  8196 

8902  8980 

4684  4762 

6465  6548 

6245  6323 

7028  ,  7101 

7800  7878 

8676  ■   8653 

9860  9427 


0123 
0894 
1604 
2433 
3200 
3966 
4730 
6494 

6256 

7 


016 
,771 

9290 


0200 
0971 
1741 
2509 
8277 
4042 
4807 
5570 

6332 
7092 


7851 


8609 
9366 


6954 
7749 
8543 
9335 


8 


I 


7084  7113 


7829 
8622 
9414 


7908 

8701- 

9493 


0126 

0915 
1703 
2489 
3275 
4058 
4840 
5621 
6401 
7179 
7956 

8731 
9504 


0205 

0994 
1782 
2568 
3358 
4136 
4919 
5699 
6479 
7256 
8033 

8808 
9582 


0277 
1048 
1818 
2686 
3353 
4119 
4883 
6646 


0364 
.1125 
1895 
2663 
3430 
4195 
4960 
^722 


6408  6484 

7168  7^244 

7927  ;  8003 

8685  8761 


9441 


9517 


0045 

0121 

0196 

0799 

0875 

0950 

1552 

1627 

1702 

2808 

2878 

2468 

3053 

3128 

8208 

8802 

3877 

8952 

4550 

4G24 

4699 

5290 

6370 

5445 

6041 

6115 

6190 

6785 

6859 

6988 

0272 
1025 
1778 
2529 
8278 

4027 
4774 
5620 
6264 
7007 


0284 

1078 
1860 
2647 
3431 
4216 
4997 
5777 
6656 
7334 
8110 

8886 
9659 


0481 
1202 
1972 
2740 
3606 
4272 
5036 
6799 

6560 
7320 
807« 
8836 
9592 


0347 
1101 
1858 
2604 
3363 

4101 

4848 
5594 
G338 
7082 


Diff. 


79 


78 


77 


76 


75 


PROPOBTIONAIi  VaRTB, 


1 

2 

8 

4 

6 

6 

7 

8 

9 

8.3 

16.6 

24.9 

33.2 

41.5 

49.8 

68.1 

66.4 

74.7 

8.2 

16.4 

24.6 

32.8 

41.0 

49.2 

57.4 

65.6 

7S.» 

8.1 

16.2 

24.3 

32.4 

40.5 

48.6 

66.7 

64.8 

72.9 

8.0 

16.0 

24.0 

82.0 

40.0 

48.0 

66.0 

64.0 

72.0 

7.9 

15.8 

23.7 

31.6 

39.5 

47.4 

55.8 

63.2 

71.1 

7.8 

15.6 

28.4 

31.2 

39.0 

46.8 

64.6 

62.4 

70.2 

7.7 

15.4 

23.1 

80.8 

38.5 

46.2 

63.9 

61.6 

69.3 

7.6 

15.2 

22.8 

80.4 

38.0 

45.6 

63.2 

60.8 

68.4 

7.5 

15.0 

22.6 

30.0 

37.5 

45.0 

62.5 

60.0 

67.5 
66.6 

7.4 

14.8 

22.2 

29.6 

37.0 

44.4 

61.8 

69.2 

[348] 


TABLE  XXTV. — liOCFAHTTHMS  OF  NTTMBERIS. 


No.  685  L.  767.] 

N. 


585 
6 

7 
8 


767156 

7806 
8688 
9377 


9  I  770115 


590 
1 
2 

a 

4 
5 
6 

I 

8 
9 

600 
1  ! 
2 


0852 
1587 
2322 
3055 
3786 
4517 
5246 
5974 
6701 
7427 

8151 
8874 
9596 


3  i  780317 


7230 

7972 
8712 
9451 


7804 
8046 
8786 
9525 


0189 

0263 

0926 

0999 

1661 

1734 

2395 

2468 

3128 

3201 

3860 

3933 

4590 

4663 

5319 

5392 

6047 

6120 

6774 

6846 

7499 

7572 

8224 

8296 

8947 

9019 

9669 

9741 

8 

4 

7879 

7453 

8120 

8194 

8860 

8934 

9599 

9673 

0336 

0410 

1073 

1146 

1808 

1881 

2542 

2615 

3274 

3ai8 

4006 

4079 

4736 

4809 

5465 

5538 

6193 

6265 

6919  ] 

6992 

7W4 

7717 

8368 

8441 

9091 

9163 

9813 

9885 

6 


7527 

8268 
9008 
9746 


4 

1037 

5 

1756 

6 

2473 

7 

3189 

8 

3904 

9 

4617 

610 

5330 

1 

6041 

2 

6751 

a. 

7460 

4 

8168 

5 

8875 

6 

9581 

0389 
1109 
1827 
2544 
8260 
3975 
4689 

5101 
6112 
6822 


0461 
1181 
1899 
2616 
3332 
4046 
4760 

5472 

6183 

6893 

75aiJJi:602 


8239 
8946 
9651 


8310 
9016 
9?'22 


7 

790285 

0356 

0426 

0496 

8 

0988 

m'59 

1129 

1199 

9 

1691 

1761 

1831 

1901 

620 

2392 

2162 

2532 

2602 

1 

3092 

3162 

3281 

asoi 

2 

3790 

3860 

3930 

4000 

3 

4488 

4658 

4627 

4697 

4 

5185 

5254 

53»4 

5393 

5 

5880 

5949 

6019 

6088 

6 

6574 

6644 

6713 

6782 

7 

7268 

7337 

7406 

7475 

8 

7960 

8029 

8098 

8167 

9 

8651 

8720 

8789 

8858 

0567 
1269 
1971 

20?2 
3371 
4070 
4767 
5463 
6158 
6852 
7545 
8236 
8927 


905< 

0677 
1396 

;  2114 
2831 
3546 

I  4261 
4974 


6 


7601 
8342 
9082 
9820 


04^ 

0557 

1220 

1293 

1955 

2028 

2688 

2762 

8421 

8494 

4152 

4225 

4882 

4955 

5610 

5688 

6338 

6411 

7064 

7137 

7789 

7862 

8513 

m^ 

9236 

9308 

7675 
8416 
9166 


8 


[No.  629  L.  799. 
Diff. 


9 


7749  ;  7823 
8490  8664 
9230  !  9303 


9894  9968 


0042 


0631  0705  0778 


1367 
2102 
28a5 
356 

4298  ; 
5028  ! 
5756  ' 
(WHS  I 


I   I 


1440  1514 
2176  2!^ 
2908  !  2981 
3640  8718 
4371  4444 
5100  6178 
5829  5902 
6556  6629 
7200  ;  7282  7354 
8079 


79*4 
9380 


8006 

8730 
9462 


0029 

0101 

0749 

0821 

1468 

l.>40 

2186 

2258 

2902 

2974 

3618 

3689 

4332 

4408 

5045 

5116 

5757 

5828 

6467 

6538 

7177 

7248 

78a5 
8593 

7956 

8663 

9290 

9369 

0178 
0898 
1612 
2829 
3046 
8761 
4475 
5187 

5899 
6609 
7319 
8027 
8734 
9440 


0004 

0074 

0707 

0778 

1410 

1480 

2111 

2181 

2812 

2882 

8511 

a58i 

4209 

4279 

4906 

4976 

5602 

5672 

6297 

6366 

6990 

7060 

7683 

7752 

a374 

844» 

9065 

9134 

0144 
0648 
1550 
2252 

2962 
3651 
4349 
6045 
5741 
6436 
7129 
7821 
8513 
9203 


8802 
9624 


73 


72 


71 


^•0 


69 


PaopoRTioNAL  Parts. 


Diff. 

1 

2 

8 

4 

5 

76 

7.6 

16.0 

22.5 

30.0 

37.5 

74 

7.4 

14.8 

22.2 

29.6 

37.0 

73 

7.3 

14.6 

21.9 

29.2 

36.5 

72 

7.2 

14.4 

21.6 

28.8 

36.0 

71 

7.1 

14.2 

21.3 

28.4 

35.6 

70 

7.0 

14.0 

21.0 

28.0 

35.0 

69 

6.9 

13.8 

20.7 

27.6 

a4.5 

6 


45.0 
44.4 
48.8 
43.2 
42.6 
42.0 
41.4 


62.5 
51.8 
51.1 
50.4 
49.7 
49.0 
48.3 

[349] 


8 


60.0 
59.2 
68.4 
67.6 
66.8 
66.0 
55.2 


9 


67.5 
06.0 
65.7 
64.8 
63.9 
68.r 


TABLE   XXIV.  —LOGARITHMS   OF  NUMBERS. 


1 


No.  630  L.  799.] 


[No.  674  L.  829. 


N. 

0 

6ao 

799341 

1 

800029 

2 

0717 

3 

14(W 

4 

2089 

5 

2774 

6 

3457 

7 

4189 

8 

4821 

9 

5501 

640 

806180 

1 

6858 

2 

7535 

3 

8211 

4 

8886 

6 

9560 

6 

810233 

7 

0904 

8 

1575 

9 

2245 

650 

2913 

1 

3581 

2 

4248 

3 

4913 

4 

5578 

5 

62il 

6 

6904 

7 

7565 

8 

8226 

9 

8885 

660 

9544 

1 

820201 

2 

0858 

3 

1614 

4 

2168 

5 

2822 

6 

3474 

7 

4126 

8 

4776 

9 

5426 

670 

6075 

1 

6723 

2 

7369 

3 

8015 

4 

8660 

9409 


0098 

0786 

UT2 

2158 

2842 

'  3325 

'  4208 

I  4889 

I  5569 

6248 
6926 
7603 
8279 
8953 
9627 


0300 
0971 
1642 
2312 

2980 
3648 
4:314 
4980 
5644 
6308 
6970 
7631 
8292 
8951 

9610 


0267 
0924 
1579 
22a3 
2887 
3539 
4191 
4841 
5491 

6140 
6787 
74M 
8080 
8724 


2 


8 


9478  I  9547  9616  'i  9686 


9754 


0167 

0854 ; 

1541 
2226 
2910 
3594 
4276 
4957 
5637 

6316 
6994 
7670 
8346 
9021 
9694 


0367 
1039 
1709 
2379 

3047 
3714 
4381 
5046 
5711 
6374 
7036 
7698 
8358 
9017 

9676 


0388 
0989 
1645 
2299 
2952 
3605 


0236 
0923 
1609 
2295 
2979 
3662 
4S44 
5025 
5705 

63^ 
7061 
7738 
8414 
9088 
9762 

0434 
1106 
1776 
2445 

3114 
3781 
4447 
5113 
5777 
6440 
7102 
7764 
&424 
9083 

9741 


0399 
1055 
1710 
2364 
3018 
3670 


4256  ;  4321 
4906  I  4971 
5556  5621 


6204 
6a52 
7499 
«144 
8789 


6260 
6917 
7563 
8209 
8853 


0305 

0992 
1678 
2363 
3047 
3730 
4412 
5093 
5773 

6451 
7129 
7806 
8481 
9156 
9829 


0501 
1173 
1843 
2512 

3181 
3848 
4514 
5179 
5843 
6506 
7169 
7830 
8490 
9149 

9607 


0464 
1120 
1775 
2430 
3083 
3735 
4386 

5om 

5686 

6334 
6981 
7628 
8273 
8918 


0373 
1061 
1747 
2432 
3116 
3798 
44t» 
5161 
5841 

6519 
7197 
7873 
8549 
9223 
9896 


0442 

I  1129 
;  1815 
2500 
3184 
8867 
4548 
5229 
5908 

6587 
7264 
7941 
8616 
9290 
9964 


0569 
1240 
1910 
2579 

3247 
3914 
4581 
5246 
5910 
6573 
7235 
7896 
a556 
9215 

987:3 


0530 
1186 
1&41 
2495 
3148 
3800 
4451 
5101 
5751 

6399 
7046 
7692 
8338 
8982 


0636 
1307 
1977 
2646 

3314 
3981 
4647 
5312 

5976 
6639 
7301 
7962 
8622 
9281 

9939 


a595 
1251 
1906 
2560 
3213 
3865 
4516 
5166 
5815 

6464 
7111 
7757 
&402 
9046 


8 


9823  I  9892  1  9961 


0511 
1198 
1884 
2568 
3252 
3935 
4616 
5297 
5976 

6655 
7332 

8008 
8684 
9358 


0031 
0703 
1374 
2044 
2713 

3381 
4048 
4714 
5378 
6042 
6705 
7367 
8028 
8688 
9^46 


0004 
0661 
1317 
1972 
2626 
3279 
3930 
4581 
5231 
5880 

6528 
7175 
7821 
8467 
9111 


0580 
1266 
1952 
2637 
3321 
4003 
4685 
5365 
6044 

6723 

7400 
8076 
8751 
9425 


Dift. 


0648 

1835 

2021 

I  2705 

,  3389 

I  4071 

!  4753 

5433 

6112 

6790 
7467 
8143 
8818 
9492 


0098 
0770 
1441 
2111 
2780 

3448 
4114 
4780 
5445 
6109 
6771 
74.33 
8094 
8754 
9412 


68 


0165 
083? 
1508 
2178 
2847 

3514 
4181 
4847 
6511 
6175 
6838 
7499 
8160 
8820 
9478 


67 


0070 

0727 

1382 

2037 

2691 

a344 

3996  ' 

4646 

5296 

5945 

6593 
7240 
7886 


0136 
0792 
1448 
2103 
2756 
3409 
4061 
4711 
5361 
6010 

6658 
7305 
7951 


8531  '  8595 
9175  I  9239 


66 


65 


Proportional  Parts. 


Dlff. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

68 

6.8 

13.6 

20.4 

27.2 

34.0 

40.8 

47.6 

54.4 

61.2 

67 

6.7 

13.4 

20.1 

26.8 

33.5 

40.2 

46.9 

53.6 

60.3 

^ 

6.6 

13.2 

19.8 

26.4 

33.0 

39.6 

46.2 

52.8 

69.4 

t.5 

13.0 

19.5 

26.0 

32.5 

39.0 

45.5 

52.0 

68.5 

6.4, 

2^.. 8 

1^2 

25.6 

32.0 

38.4 

44.8 

51.2 

57.6 

[3S0] 


TABLE  XXiy. — ^LOGARITHMS  OF  NUMBERS. 


No.  675  L.  829.] 


[No.  719  L.  857. 


N. 

0 

1 

2 

8 

4 

6 

6 

7 

S 

9 

Diff. 

675 

829304 

9868 

9432 

9497 

9561 

9625 

9690 

9754 

9818 

9882 

6 

9947 

0011 
0653 

0075 
0717 

0139 
0781 

0204 
0845 

0268 
0909 

0332 
0973 

0396 
1037 

0460 
1102 

0525  i 
1166  i 

7 

830589 

8 

1230 

129* 

1358 

1422 

1486 

i  1550 

1614 

1678 

1742 

1806  !   64 

9 

1870 

1934 

1998 

2062 

2126 

2189 

2253 

2317 

2381 

24-45 

380 

2609 

2573 

2637 

2700 

2764 

2828 

2892 

2956 

3020 

8083 

1 

3147 

3211 

3275 

3838 

8402 

3466 

3580 

3598 

3657 

3721 

2 

8784 

8848 

3912 

3975 

4039 

4103 

4166 

4280 

4294 

4357 

8 

4421 

4484 

4548 

4611 

4675 

4789 

4802 

4866 

4929 

4993 

4 

5056 

5120 

5183 

5247 

5810 

5373 

5437 

5500 

5564 

5627 

5 

5691 

5754 

5817 

5881 

5944 

1  6007 

6071 

6184 

6197 

6261 

6 

6324 

6387 

6451 

6514 

6577 

6641 

6704 

6767 

6830 

6894 

7 

6957 

7020 

7083 

7146 

7210 

7273 

7336 

7399 

74C2 

7525 

8 

7588 

7652 

7715 

7778 

7841 

7904 

7967 

8030 

8093 

8156 

9 

8219 

8282 

8345 

8406 

8471 

8534 

8597 

8660 

8723 

8786 

63 

690 

8819 

8912 

8975 

9038 

9101 

9164 

9227 

9289 

9352 

9415 

1 

9478 

9541 

9604 

9667 

9729 

9792 

9855 

9918 

9981 

0043 
0671 

3 

840106 

0169 

0282 

0294 

0357 

0420 

0482 

0545 

0608 

8 

0733 

0796 

0659 

0921 

0984 

1046 

1109 

1172 

1234 

1297 

4 

1359 

1422 

1485 

1547 

1610 

1672 

1785 

1797 

1860 

1922 

5 

1985 

2047 

2110 

2172 

2285 

2297 

2360 

24^ 

24^^. 

2o^.'i 

6 

2609 

2672 

2734 

2796 

9859 

^£i 

2983 

8046 

8106 

3170 

7 

8233 

3295 

b357 

3420 

3482 

3544 

8606 

3669 

8781 

3793 

8 

S855 

8918 

8980 

4042 

4104 

4166 

4229 

4291 

4358 

4415 

9 

4477 

4539 

4601 

4664 

4726 

4788 

4850 

4912 

4974 

5066 

700 

50^ 

5160 

5222 

6284 

5846 

6406 

6470 

6632 

5594 

565L 

62 

1 

6718 

5780 

5842 

6904 

6966 

6028 

6090 

6151 

6218 

t27d 

2 

6337 

6399 

64e: 

6523 

6585 

6646 

6706 

6770 

6832 

6894 

3 

6955 

7017 

•J  079 

7141 

7202 

7264 

7326 

7888 

7449 

75i:< 

4 

7573 

7634 

7d9tJ 

7?58 

7819 

7881 

7943 

8004 

som 

8123 

5 

8189 

8251 

8812 

8374 

8436 

8497 

8569 

8620 

8682 

874o 

6 

8805 

8866 

8928 

8989 

9051 

911:? 

9174 

9235 

9297 

9858 

7 

9419 

9481 

9542 

9604 

9665 

9726 
0340 

9788 

9849 

9911 

9972 

8 

a50033 

0095 

mm 

0217 

0279 

0401 

0462 

0524 

0585 

9 

0646 

0707 

0769 

0830 

0691 

0952 

1014 

1075 

1186 

1197 

710 

1258 

1380 

1381 

1442 

1503 

1564 

1625 

1686 

1747 

1809 

1 

1870 

1931 

1992 

2053 

2114 ; 

2175 

2236 

2297 

2858 

2419 

2 

2480 

2541 

2602 

2663 

2724  ' 

2785 

2846 

2907 

2968  ' 

3029 

61 

3 

8090 

3150 

3211 

3272 

8833  1 

8394 

3455 

3616 

&'377  1 

3637 

4 

8696 

3759 

3820 

3881 

3941 

4002 

4068 

4124 

4185 

4245 

5 

4306 

4367 

4428  , 

4488 

4549 

4610 

4670 

4781  1 

4792  . 

4852 

6 

4913 

4974 

50;i4  ! 

5095 

5156 

5216 

5277 

5837 

5898  1 

5459 

7 

5519 

5580 

5(M0 

5701 

5761 

5822 

5882 

5948 

6003  ' 

6064 

8 

6124 

6185 

6245 

6306 

6366 

6427 

6487 

6548 

6608 

6668 

9 

6729 

6789 

6850 

6910 

6970  1 

•  1 

7031 

7091 

7152 

7212 

7272 

Proportional  Parts. 


Difl. 

1 

2 

8 

4 

5 

0 

7 

8 

9 

65 

6.5 

13.0 

19.5 

26.0 

32.5 

39.0 

45.5 

52.0 

58.fi 

64 

6.4 

12.8 

19.3 

25.6  . 

32.0 

88.4 

44.8 

51.2 

57.  C 

68 

6.8 

12.6 

18.9 

25.2 

31.5 

37.8 

44.1 

50.4 

56.7 

62 

6.2 

12.4 

18.6 

24.8 

31.0 

37.2 

48.4 

49.6 

55.6 

61 

6.1 

12.2 

18.3 

24.4 

30.5 

36.6 

42.7 

48.8 

54.fi 

60 

6.0 

12.0 

18.0 

24.0 

80.0 

36.0 

42.0 

48.0 

54.C 

[3Si] 


TABLE  XXIV. — LOGAKITHM8  OF  NUMBEBS. 


No.  720  L.  857.] 


[No.  764  L.  883.  , 


N. 


720 
1 
2 
3 

4 

5 
6 

7 
8 
9 

730 
1 
2 
3 
4 
5 
6 
7 
8 
9 

740 
1 

2 
3 

4 
6 
6 

7 
8 
9 

750 
1 
2 
3 

4 
5 
6 

7 
8 

9 

760 
1 
2 
3 
4 


0 


857332 
7935 
8537 
9138 
9739 


860338 
0937 
1534 
2131 
2728^ 

3323 
3917 
4511 
5104 
5696 
6287 
6878 
7467 
8056 
8644 

9232 

9818 


870404 
0989 
1573 
2156 
2739 
3321 
3902 
4482 

5061 
5640 
6218 
6795 
7371 
7947 
8522 
9096 
9669 


880242 

0814 
1385 
1955 
2525 
3093 


7393 

7995 
8597 
9198 
9799 


7453 
8056 
8657 
9258 
9859 


0398 
0996 
1594 
2191 
2787 

3382 
3977 
4570 
5163 
5755 
6346 
6937 
7526 
8115 
8703 

9290 
9877 


0462 
1047 
1631 
2215 
2797 
3379 
3960 
4640. 

5119 
5698 
6276 
6853 
7429 
8004 
8579 
9153 
9726 


0458 
1056 
1654 
2251 

2847 

3442 

4036 
4630 
5222 
5814 
6405 
6996 
7586 
8174 
8762 

9349 
9935 


7513 

8116 
8718 
9318 
9918 


0299 

0871 
1442 
2012 
2581 
3150 


0521 
1106 
1690 
2273 
2855 
3437 
4018 
4598 

5177 
5756 
6333 
6910 
7487 
8062 
8637 
9211 
9784 


0518 
1116 
1714 
2310 
2906 

3501 
4096 
4689 
5282 
5874 
6465 
7055 
7644 
8233 
8821 

9406 
9994 


7574 
8176 
8778 
9379 
9978 


0356 

0928 
1499 
2069 
2638 
3207 


0579 
1164 
1748 
2331 
2913 
3495 
4076 
4666 

5235 

5813 
6391 
6968 
7544 
8119 
8694 
9268 
9841 


0578 
1176 
1773 
2370 
2966 

3561 
4155 
4748 
5341 
5933 
6524 
7114 
7703 
8292 
8879 

9466 


7634 

8236 
8838 
9439 


0413 

0985 
1556 
2126 
2695 
3264 


0053 
0638 
1223 
1806 

2:^9 

2972 
3653 
4134 
4714 

5293 

5871 
6449 
7026 
7602 
8177 
8752 
9325 
9898 


0038 
0637 
1236 
1833 
^430 
3025 

3620 
4214 
4808 
5400 
5992 
6583 
7173 
7762 
8350 
8938 

9525 


7694 

8297 
8898 
9499 


0471 

1042 
1013 
2183 
2752 
3321 


0111 
0696 
1281 
1865 
2448 
3030 
3611 
4192 
4772 

i  5351 
i  5929 
I  6507 
7083 
7659 
8234 
8809 
9383 
9956 


0098 
0697 
1295 
1893 
2489 
3085 

3680 
4274 
4867 
5459 
6051 
G642 
7232 
7821 
8409 
8997 

9584 


0528 

1099 
1670 
2240 
2809 
3377 


0170 
0765 
1839 
1933 
2506 
3068 
3669 
4250 
4830 

5409 
5987 
6564 
7141 
7717 
8292 
8866 
9440 


7755 

8357 
8958 
9659 


0158 
0757 
1355 
1952 
2549 
3114 

8739 
4333 
4926 
5519 
6110 
6701 
7291 
7880 
8468 
9056 

9642 


0013 
0585 

1156 

2297 
2866 
3434 


0228 

0613 

1398 

1981* 

2564 

3146 

372-7 

4308 

4888 

5466 
6045 
6622 
7199 

7774 
8349 
8924 
9497 


8 


7815 
8417 
9018 
9619 


0218 
0817 
1416 
2012 
2606 
3204 

3799 
4392 
4985 
5578 
6169 
6760 
7850 
7939 
8527 
9114 

9701 


7875 
8477 
9078 
9679 


0070 
0642 

1213 

1784 
2354 
2923 
3491 


0287 
0872 
1456 
2040 
2622 
3204 
3785 
4366 
4945 

5624 
6102 
6680 
7256 
7832 
8407 
8981 
9565 


0278 
0677 
1475 
2072 
2668 
3263 

3858 
4452 
5045 
6637 
6228 
6819 
7409 
7996 
8586 
91  ,'3 

9760 


0127 
0699 

1271 
1841 
2411 
2980 
3548 


0345 
0930 
1516 
2098 
2681 
3262 
3844 
4424 
6003 

6682 
6160 
6737 
7314 
7889 
8464 
9039 
9612 


Diflf. 


60 


59 


58 


0185 
0756 

1328 
1898 
2468 
3037 
3606 


57 


Proportional  Parts. 


Diff. 

1 

2 

3 

4 

5 

6 

7 

• 

8 

• 
9 

59 
58 
57 
56 

5.9 
5.8 
5.7 
5.6 

11.8 
11.6 
11.4 
11.2 

17.7 
17.4 
17.1 
16.8 

23.6 
23.2 
22.8 
22.4 

29.5 
29.0 

28.5 
28.0 

35.4 
34.8 
34.2 

as. 6 

41.3 
40.6 
39.9 
39.2 

47.2 
46.4 
45.6 
44.8 

53.1 
52.2 
51.3 
60.4 

[352] 


TABLE  XXTV. — LOGARITHMS   OP  NUMBERS. 


No.  7&5  L.  888.] 


[No.  809  L.  908. 


N. 

0 

1 

2 

8 

765 

883661 

3718 

3775 

3832 

6 

4229 

4285 

4342 

4399 

7 

4*^95 

4852 

4909 

4965 

8 

5361 

6418 

5474 

5531 

9 

5926 

5983 

6039 

6096 

770 

6491 

6547 

6604 

6660 

1 

7054 

7111 

7167 

7223 

2 

7617 

7674 

7730 

7786 

3 

8179 

8236 

8292 

8348 

4 

8741 

8797 

8853 

8909 

5 

9802 

9358 

9414 

9470 

6 

9862 

9918 

9974 

0030 
0589 

7 

890421 

0477 

0533 

8 

0980 

1035 

1091 

1147 

9 

1537 

1593 

1649 

1705 

780 

2095 

2150 

2206 

2262 

1 

2651 

2707 

2762 

2818 

2 

8207 

8262 

3318 

3373 

3 

8762 

3817 

3873 

3928 

4 

4316 

4371 

4427 

4482 

5 

4870 

4925 

4980 

5036 

6 

5423 

5478 

55a3 

5588 

7 

5975 

6090 

6085 

6140 

8 

6526 

6581 

6636 

6692 

9 

7orr 

7182 

7187 

7242 

790 

7627 

7682 

7737 

7792 

1 

8176 

8231 

8286 

aS41 

2 

8725 

8780 

8835 

8890 

3 

9278 

9328 

9383 

9437 

4 

9821 

9875 

9930 

9985 

5 

900367 

0422 

0476 

0531 

6 

0913 

0968 

1022 

1077 

7 

1458 

1513 

1567 

1622 

8 

2003 

2057 

2112 

2166 

9 

2547 

2601 

2655 

2710 

800 

8090 

3144 

8199 

8253 

1 

8633 

8687 

3741 

8795 

'2 

4174 

4229 

4283 

4337 

3 

4716 

4770 

4824 

4878 

4 

5256 

5310 

5364 

5418 

5 

6796 

6850 

5904 

5958 

6 

6:^ 

6389 

6443 

&i97 

1 

6874 

6927 

6981 

7035 

8 

7411 

7465 

7519 

7573 

9 

7949 

8002 

8056 

8110 

3888 
4455 
5022 
5587 
6152 

6716 
7280 
7842 
8404 
8965 
9526 


0Q|<(i 

1203 
1760 

2317 
2873 
3429 
3984 
4538 
5091 
5644 
6195 
6747 
7297 

7847 
8396 
8944 
9492 


0039 
0586 
1131 
1676 
2221 
2764 

3307 
3819 
4391 
4932 
54T2 
6012 
6551 
7089 
7626 
8163 


6 


3945 
4612 
5078 
6644 
6209 

6773 
7336 

7898 
8460 
9021 
9582 


0141 
0700 
1259 
1816 

2373 

2929 
3484 
4039 
4593 
5146 
5699 
6251 
6802 
7352 

7902 
8451 
8999 
9547 


0094 
0640 
1186 
1731 
2275 
I  2818 

'  3361 

I  3904 

4445 

'  4986 
j  5526 
I  6066 
I  6604 
'  7143 
7680 
8217 


4002 
4569 
5135 
5700 
6266 

6829 
7392 
7956 
8616 
9077 
9638 


0197 
0756 
1314 
1872 

2429 
2985 
3540 
40»4 
4648 
5201 
5754 
6306 
6857 
7407 

7967 
8506 
9054 
9602 


4059 
4625 
5192 
5757 
6321 

6885 
7449 
8011 
8673 
9134 
9694 


0253 

0812 
1370 
1928 

2484 
3040 
8696 
4150 
4704 
5257 
5809 
6361 
6912 
7462 

8012 
8561 
9109 
9656 


0149 
0695 
IM) 
1785 
2329 
2873 

3416 
3958 
4499 
5040 
5580 
6119 
6658 
7196 
7734 
8270 


0203 
0749 
1.295 
1840 

2384 
2927 

a470 
4012 
4653 
5094 
5634 
6173 
6712 
7250 
7787 
8324 


8 


4115 
4682 
5248 
5813 
6878 

6942 
7506 
8067 
8629 
9190 
9750 


0809 
0868 
1426 
1983 

2540 
3096 
3651 
4205 
4759 
6812 
6864 
6416 
6967 
7517 

8067 
8615 
9164 
9711 


0258 
0804 
1349 
1894 
2488 
2981 

3524 

4066 
4607 
5148 
5688 
6227 
6766 
7304 
7841 
8378 


0 


4172 
4789 
5305 
6870 
6434 

6998 
7661 
8123 
8686 
9246 
9806 


0866 
0924 
1482 
2039 

2596 
3151 
3706 
4261 
4814 
6367 
5920 
6471 
7022 
7572 

8122 
8670 
9218 
9766 


0812 
0869 
1404 
1948 
2492 
8036 

8678 
4120 
4661 
5202 
5742 
6281 
6820 
r358 
7896 
8431 


Diff. 


66 


56 


54 


Proportional  Parts. 

Diff. 

1 

a 

8 

4 

5 

6 

7 

8 

45.6 
44.8 
44.0 
48.2 

9 

57 
56 
55 
54 

5.7 
5.6 
6.5 
5.4 

11.4 
11.2 
11.0 
10.8 

17.1 
16.8 
16.5 
16.2 

22.8 
22.4 
22.0 
21.6 

28.5 
28.0 
27.5 
27.0 

34.2 
3i3.6 
33.0 
32.4 

39.9 
39.2 

:«.5 

37.8 

51.3 
50.4 
49.5 
48.6 

[353] 


TABLE  XXTV. — ^LOGARITHMS  OP  NUMBBRS* 


No.  810  L.  908.] 


N. 


810 
1 
2 

3 

4 
5 
6 
7 
8 
9 

820 
1 
2 
8 

4 
5 
6 

7 
8 
9 

830 
1 

2 
3 

4 
5 
6 

7 
8 
9 

840 
1 
2 
3 
4 
6 
6 
7 
8 
9 

850 
1 

2 
8 
4 


0 

1 

8 

906486 

8639 

8592 

9021 

.9074 

9128 

9656 

9610 

9663 

910091 

0144 

0197 

0624 

0678 

0731 

1158 

1211 

1264 

1690 

1743 

1797 

2222 

2275 

2328 

2753 

2806 

2859 

3284 

3387 

3390 

3814 

3867 

3920 

4343 

4396 

4449 

4872 

4925 

4977 

6400 

5453 

5505 

5927 

5980 

6033 

6454 

6507 

6559 

6980 

7083 

7086 

7506 

7558 

7611 

8030 

8083 

8ia5 

8555 

8607 

8659 

9078 

9130 

9ia3 

9601 

9653 

9706 

920123 

0176 

0228 

0645 

0697 

0749 

1166 

1218 

1270 

1686 

1788 

1790 

2206 

2258 

2310 

2725 

2777 

2829 

8244 

3296 

3348 

3762 

3814 

3866 

4279 

4331 

4383 

4796 

4848 

4899 

5312 

6364 

5415 

6828 

6879 

5931 

6342 

6394 

6445 

6857 

6908 

6959 

7370 

7422 

7473 

7883 

7935 

7986 

8396 

8447 

8498 

8908 

8959 

9010 

9419 

9470 

9521 

9930 

9981 

0032 
0542 

930440 

0491 

0949 

1000 

1051 

1458 

1509 

1560 

6 


8646 

9181 
9n6 


8699 

92:» 

9770 


0251  ; 

0784 

1317 

1850 

2381 

2913 

3443 

3973 

4502 
5080 
5658 
6086 
6612 
7138 
7663 
8188 
8712 

9285 
9758 

0280 
0801 
1322 
1^ 
2362 
2881 
3399 
8917 

4434 
4951 
6467 
5982 
6497 
7011 
7624 
8087 
8549 
9061 

9572 

0083 
0592 
1102 
1610 


0804 
0838 
1371 
1903 
2435 
2966 
3496 

4026 
4555 
5083 
5611 
6138 
6664 
7190 
7716 
8240 
8764 

9287 
9810 


0332  , 
0853  I 
1374 
1894  ' 
2414  ; 
2933  ' 
3451  i 
3969 

4486 
5003 
6618 
6034 
6548 
7062 
7576 
8088 
8601 
9112 

9623 


0134 
0643 
1153 
1661 


8753 

8807 

8860 

9289 

9342 

9396 

9823 

9877 

9930 

0368 

0411 

0464 

0891 

(m4 

0998 

1424 

1477 

1530 

1956 

2009 

2063 

2488 

2541 

2594 

3ul9 

3072 

3126 

3649 

3602 

3656 

4079 

4132 

4184 

4C^ 
5ll6 

4660 

4713 

6189 

5241 

5664 

5716 

5769 

6191 

6243 

6296 

6717 

6770 

('822 

7243 

7296 

7348 

7768 

7820 

7873 

8293 

8345 

8397 

8816 

8869 

8021 

9340 

9392 

9444 

9862 

9914 

9967 

0384 

0436 

0489 

0906 

0958 

1010 

1426 

1478 

1530 

1946 

1998 

2050 

2466 

2518 

2570 

2985 

3087 

3089 

3503 

8555 

3607 

4021 

4072 

4124 

4538 

4589 

4641 

5054 

5106 

5157 

5570 

5621 

5673 

6085 

6137 

6188 

6600 

6651 

6702 

7114 

7166 

7216 

7627 

7678 

7730 

8140 

8191 

8242 

8652 

8703 

8754 

9163 

9215 

9266 

9674 

9725 

9776 

[No.  854  L.  931.  ' 


8914 
9449 
9984 


8967 
9503 


0618 
1051 
1684 
2116 
2647 
3178 
8708 

4237 
4766 
6294 
5822 
6349 


7925 

8450 
8973 

9496 

0019 
0541 
1062 
1582 
2102 
2622 
3140 
8658 
4176 

4693 
5209 
5725 
6240 
6754 
7268 
7781 
8293 
8805 
9317 

9827 


0037 
0571 
1104 
1637 
2169 
2700 
3231 
3761 

4290 
4819 
5347 
5875 
6401 
6927 
7453 
7978 
850^ 
9026 

9549 


0071 
0593 
1114 
1634 
2154 
2674 
3192 
3710 
4228 

4744 
5261 
5776 
6291 
6805 
7319 
7832 
8346 
8857 
9368 

9879 


0185 

0236 

0287 

0338 

0694 

0745 

0796 

0847 

1204 

1254 

1305 

1356 

1712 

1763 

1814 

1865 

0389 
0898 
1407 
1916 


DiflP. 


53 


52 


51 


Proportional  Parts. 


Dili. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

58 

5.3 

10.6 

15.9 

21.2 

26.5 

31.8 

37.1 

42.4 

47.7 

52 

5.2 

10.4 

15.6 

20.8 

26.0 

31.2 

36.4 

41.6 

46.8 

51 

5.1 

10.2 

15.8 

20.4 

25.5 

30.6 

35.7 

40.8 

45.9 

'1 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

85.0 

40.0 

45.0 

[3541 


TABLE   XXrV. — LOGARITHMS   OF  NUMBERS. 


No.  855  L.  931.1 


[No.  899  L.  954. 


N. 


855 
6 

7 
8 
9 

860 
1 
2 
3 
4 
5 
6 
7 
8 
9 

870 


2  , 

8 

4 

5 

6 

7 

8 

i  ' 

1880 
1 
2 
3 
4 
5 
6 
7 
8 
9 

890 
1 

2 
8 

4 
5 
6 

7 
8 
9 


931966 
3474 
2981 
3487 
3993 

4498 
5003 
6507 

eon 

6514 
7016 
7518 
8019 
8520 
9020 

9519 


940018 
0516 
1014 
1511 
2008 
2504 
3000 
3495 
3989 

4483 
4976 
5469 
5961 
6452 
6943 
7434 
7924 
8413 
8902 

9390 

9878 


2017 
2524 
8031 
3538 
4044 

4649 
6054 

5558 
6061 
6564 
7066 
7'568 
8069 
8570 
9070 

9569 


2 


2068 
2575 
8082 
3589 
4094 

4599 
5104 
5608 
6111 
6614 
7116 
7618 
8119 
8620 
9120 

9619 


950365 
0851 
1338 
1823 
2308 
2792 
3276 
3760 


0068 
0566 
1064 
1561 
2058 
2654 
3049 
3544 
4038 

4532 
5025 

5518 
6010 
6501 
6992 
7483 
7973 
8462 
8951 

9439 
9926 


0414 
0900 
1386 
1872 
2356 
2841 
3325 
3808 


0118 
0616 
1114 
1611 
2107 
2603 
3099 
3593 
4088 

4581 
5074 
6567 
6059 
6551 
7041 
7532 
8022 
8511 
8999 

9488 
9975 


2118 
2626 
3183 
3639 
4145 

4650 

5154 

5658 

6162 

6665 

7167 

7668 

8169^ 

8670 

9170 

9669 


2169 
2677 
3183 
3690 
4195 

4700 

6205 

5709 

6212 

6715 

7217 

7718 

8219- 

8720 

9220 

9719 


0462 
0949 
1435 
1920 
M)5 
2889 
3373 
3856 


0168 
0666 
1163 
1660 
2157 
2653 
3148 
3643 
4137 

4631 
5124 

5616 
6108 
6600 
7090 
7581 
8070 
8560 
9018 

9536 


0024 
0511 
0997 
1483 
1969 
2453 
2938 
3421 
3905 


0218 
0716 
1213 
1710 
2207 
2702 
3198 
3692 
4186 

4680 
5173 
5665 
6157 
6649 
7139 
7630 
8119 
8608 
9097 

9585 


2220 
2727 
3234 
3740 
4246 

4751 
5255 
5759 
6262 
6765 
7267 
7769 
8269 
8770 
9270 

9769 


0073 
0560 
1046 
1532 
2017 
2502 
2986 
3470 
3953 


0267 
0765 
1263 
1760 
2256 
2752 
3247 
3742 
4236 

4729 
5222 
!  5715 
6207 
6698 
7189 
7679 
8168 
8657 
9146 

9634 


2271 
2778 
3285 
3791 
4296 

4801 

6306 

6809 

6313 

6815  , 

7317 

7819 

8320 


2322 
2829 
3336 
3841 
4347 

4852 
5356 
5860 
6363 
6865 
7367 
7869 
8370 


8820  I  8870 
9320  I  9369 

9819  '  9869 


0317 
0816 
1313 
1809 
2306 
2801 
3297 
3791 
4285 

4779 
5272 
5764 
6256 
6747 
7238 
7728 
8217 
8706 
9195 

9683 


0367 
0865 
1362 
1859 
2355 
2851 
3346 
3841 
4335 

4828 
5321 
5813 
6305 
6796 
7287 
7777 
8266 
8755 
9244 

9781 


8 


2872 
2879 
3386 
3892 
4397 

4902 
5406 
5910 
6413 
6916 
7418 
7919 
8420 
8920 
9419 

9918 


0121 
0608 
1095 
1580 
2066 
2550 
3034 
3518 
4001 


0170 
0657 
1143 
1629 
2114 
2599 
3063 
3566 
4049 


0219 
0706 
1192 
1677 
2163 
2647 
3131 
3615 
4098 


0417 
0915 
1412 
1909 
2405 
2901 
3396 
3890 
4384 

4877 
6370 
6862 
6364 
6846 
7336 
7826 
8315 
8804 
9292 

9780 


2428 

2930 
3437 
3943 

4448 

4953 
5457 
5960 
&463 
6966 
7468 
7969 
8470 
8970 
9469 

9968 


0267 
0754 
1240 
1726 
2211 
2696 
3180 
3663 
4146 


0467 
0964 
1462 
1958 
2465 
2950 
3446 
3989 
4433 

4927 
5419 
5912 
6403 
6894 
7385 
7875 
8364 
8853 
9341 

9829 


Diff. 


60 


0316 
0603 
1289 
1775 
2260 
2744 
3228 
3711 
4194 


49 


PBOPORTIONAIi  PaBTS. 


Diff. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

51 

50 

n49 

48 

6.1 
5.0 
4.9 

4.8 

10.2 

10.0 

9.8 

9.6 

15.3 
15.0 
14.7 
14.4 

20.4 
20.0 
19.6 
19.2 

25.5 
25.0 
24.5 
24.0 

30.6 
30.0 
29.4 

28.8 

85.7 
35.0 
34.3 
83.6 

40.8 
40.0 
39.2 
38.4 

45.0 
45.0 
44.1 
4P 

[355] 


TABLE  XXTV. — ^I.OOABTTHMS   OP  NUMBERS. 


No  900  L.  964.1 


[No.  944  L.  975. 


N. 


900 
1 
2 
3 
4 
5 
6 
7 
8 
9 

910 
1 
2 

3 

4 
5 
6 

7 
8 
9 

900 
1 
2 

3 
4 
5 
6 

7 
8 
9 

930 
1 
2 
3 


5 
6 
7 
8 
9 

940 

I   1 

I  3 
3 
4 


954S48 
4725 
6207 

6688 
6166 
6649 
7128 
7607 
8086 
85&i 

9041 
9518 
9995 


960471 
0946 
1421 
1895 
2369 
2843 
3316 

8788 
4260 
4731 
5202 
6672 
6142 
6611 
7080 
7548 
8016 

8483 
8950 
9416 
9882 


970347 
0812 
1276 
1740 
2203 
2G66 

3128 
3590 
4051 
4512 
4972 


4291 
4778 
6255 
5736 
6216 
6697 
7176 
7655 
8134 
8612 

9089 
9566 


0042 
0618 
0994 
1469 
1943 
2417 
2890 
8363 

3835 
4307 
4778 
6249 
5719 
6189 
6658 
7127 
7595 
8062 

&530 
8996 
W63 
9928 


0393 
0858 
1322 
1786 
2249 
2712 

3174 

3636 

4097' 

4558 

5018 


£ 

8 

4889 

4887 

4821 

4869 

6303 

6351 

6784 

5882 

6265 

6313 

0745 

6793 

7224 

7272. 

7703 

7751 

8181 

8229 

8659 

8707 

9137 

9185 

9614 

96Q^ 

0090 

0138 

0566 

0613 

1041 

1089 

1516 

1563 

1990 

2038 

2464 

2511 

2937 

2985 

3410 

3457 

3882 

3929 

4354 

4401 

4825 

4872 

5296 

6a43 

576(5 

5813 

6236 

6283 

6705 

6752 

7173 

7220 

7642 

7688 

8109 

8156 

8576 

8623 

9043 

90JK) 

9509 

9556 

9975 

0021 
0486 

0440 

0904 

0951 

1869 

1415 

1832 

1879 

2295 

2342 

2758 

2804 

3220 

32G6 

3682 

3728 

4143 

4189 

4604 

465a 
51  la 

6064 

4436 
4918 
5899 
6880 
6361 
6840 
7320 
7799 
8277 
8755 

9232 
9709 


0185 
0661 
1136 
1611 
2085 
2559 
3032 
3604 

3977 
4448 
4919 
5390 
5860 
6329 
6799 
7267 
7735 
8208 

8670 
9136 
9602 


4484 
4966 
6447 
5928 
&409 
6888 
7368 
7847 
8325 
8808 

9280 
9757 


0068 
0533 
0997 
1461 
1925 
2388 
2851 

asis 

3774 
4235 
4696 
5156 


0233 
0709 
1184 
1668 
2132 
2606 
3079 
8652 

4024 
4495 
4966 
5437 
5907 
6376 
6845 
7314 
7782 
8249> 

8716 
9183 
9649 


0114 
0579 
1044 
1508 
1971 
2434 
2897 

8359 
3820 
4281 

4742 
5202 


4682 
6014 
6496 
5976 
6457 
6936 
7416 
7894 
8373 
8860 

9328 

9804 


0280 
0756 
1231 
1706 
2180 
2658 
8126 
3599 

4071 
4542 
5013 
5484 
5954 
6423 
6892 
7361 
7829 
8296 

8763 
9229 
9696 


0161 
0626 
1090 
1554 
2018 
2481 
2948 

3405 
3866 
4327 
4788 
5248 


8 


4580 
5062  i 
5548 

6024 
6505 
6984 
7464 
7942 
8421 
8898 

.9375 
9852 


0328 
0804 
1279 
1763 
2227 
2701 
3174 
8646 

4118 
4590 
5061 
5531 
6001 
6470 
6939 
7408 
7875 
8843 

8810 
9276 
9742 


4628 
6110 
6692 
6072 
6653 
7032 
7512 
7990 
8468 
8946 

9423 
9900 


9 


4677 
6168 
6640 
6120 
6601 
7080 
7569 
8038 
8516 
8994 

9471 
9947 


0376 
0851 
1326 
1801 
2275 
2748 
3221 
3693 

4165 
4637 
6108 
5578 

e(m 

6517 
6986 
7454 
7922 
8890 

8856 
9323 
9789 


0207 
0672 
1137 
1601 
2064 
2527 
2989 

*451 
3918 
4374 
4834 
6294 


0254 
0719 
1188 
1647 
2110 
2578 
3086 

8497 
8950 
4420 
4880 
6840 


0423 

0899 
1374 
1848 
2322 
2795 
3268 
3741 

4212 

4684 
6155 
5625 
6096 

&m 

7033 
7501 
7969 
8436 

8903 
9369 
9835 


0300 
0765 
1229 
1693 
2157 
2619 
8082 

3543 
4005 
4466 
4926 
6886 


Diff. 


48 


46 


Proportional  Parts. 


Diff. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

47 
46 

4.7 
4.6 

9.4 
9.2 

14.1 
13.8 

18.8 
18.4 

23.5 
23.0 

28.2 
27.6 

82.9 
82.2 

37.6 
86.8 

42.3 
41.4 

[356] 


TABLE  XXIV. — LOGARITttMS  OF  KtTMBBHS. 


No.< 

M6  L.  975.] 

[No.  989  L.  995 

N. 

0 

1 

i 

8 

4 

6 

6 

1 

6 

9 

Diff. 

Wo 

975432 

5478 

5524 

5570 

5616 

5662 

5707 

5758 

5799 

5845 

6 

5891 

6937 

5983 

6029 

6075 

6121 

6167 

6212 

6258 

6304 

7 

6350 

6896 

6442 

6488 

6588 

6579 

6625 

6671 

6717 

6768 

8 

6808 

6854 

6900 

6946 

6992 

7037 

7083 

7129 

7175 

7^20 

i) 

7206 

7312 

7358 

7403 

7449 

7495 

7541 

7586 

7632 

7678 

950 

7724 

7769 

7815 

7861 

7906 

7952 

7998 

8048 

8069 

8135 

1 

8181 

8226 

8272 

^317 

8863 

8409 

8454 

8500 

8546 

8591 

2 

8637 

8683 

8728 

8774 

8819 

8865 

8911 

8956 

9002 

9047 

3 

9093 

9188 

9184 

9230 

9275 

9321 

9366 

9412 

9457 

9503 

4 

9548 

9594 

9639 

9685 

9730 

9776 

9821 

9867 
0322 

9912 

9958 

5 

980003 

0049 

0094 

0140 

0185 

1  0231 

0276 

0367 

0412 

» 

(1458 

0503 

0549 

0594 

0640 

0685 

0730 

0776 

0821 

0867 

0912 

0957 

1008 

1648 

1093 

1139 

1184 

1229 

1275 

1320- 

» 

8 

13()6 

1411 

1456 

1501 

1547 

1582 

1637 

1683 

1728 

1773 

9 

1819 

1864 

1909 

1951 

2000 

2045 

2090 

2135 

2181 

2226 

0()() 

2271 

2316 

2362 

2407 

2452 

2497 

2548 

2588 

2638 

2678 

1 

2723 

2769 

2814 

2K'>9 

2904 

2949 

2994 

8040 

3085 

3130 

2 

8175 

3220 

3265 

3310 

3856 

3401 

3446 

3491 

3536 

8581 

3 

8626 

3671 

3716 

3762 

8807 

3852 

3897 

8942 

8987 

4032 

4 

4077 

4122 

4167 

4212 

4257 

4302 

4;i47 

4392 

4437 

4482 

45 

5 

4527 

4572 

4617 

4662 

4707 

47ai 

4797 

48J2 

4887 

4982 

f) 

4977 

5022 

5067 

5112 

5157 

5202 

5247 

5292 

5337 

5382 

7 

5426 

5471 

5516 

5561 

5606 

5651 

5696 

5741 

5786 

6830 

8 

5875 

5920 

5965 

6010 

6055 

6100 

6144 

6189 

6234 

6279 

9 

6324 

6369 

6413 

6458 

6603 

6548 

6593 

6637 

6682 

6727 

970 

6772 

6817 

6861 

6906 

6951 

6996 

7040 

7085 

7180 

7175 

1 

7219 

7264 

7d09 

7353 

7398 

7448 

7488 

7532 

7577 

7622 

2 

7666 

7711 

7756 

7800 

7845 

7890 

7934 

7979 

8024 

8068 

3 

8113 

8157 

8202 

8247 

8291 

8336 

8381 

8425 

8470 

a514 

4 

8559 

8604 

8648 

8693 

8737 

8782 

8826 

8871 

8916 

8960 

5 

9005 

9049 

9094 

9138 

9183 

9227 

9272 

9316 

9361 

9405 

6 

9450 

9494 

9539 

9583 

9628 

9672 

9717 

9761 

9806 

9850 

r» 

9895 

9939 

9983 

< 

0028 
04?2 

0072 

0117 

0161 

0206 

0250 

0294 

8 

990389 

0383 

0428 

0516 

0561 

0605 

0650 

0694 

0788 

9 

0783 

0827 

0871 

0916 

0960 

1004 

1049 

1093 

1187 

1182 

980 

1226 

1270 

1815 

1359 

1403 

1448 

1498 

1586 

1580 

1625 

1 

1669 

1713 

1758 

1802 

1846 

1890 

1935 

1979 

2023 

2067 

2 

2111 

2156 

2200 

2244 

2288 

2a33 

2377 

2421 

2465 

2509 

3 

2654 

2598 

2642 

2686 

2780 

2774 

2819 

2863 

2907 

2951 

4 

2995 

3039 

30*^ 

3127 

3172 

3216 

3260 

3304 

aS48 

3392 

5 

3436 

S4m 

a524 

35<>8 

3613 

3657 

3701 

8745 

3789 

3833 

6 

3877 

3921 

39t)5 

4009 

4053  ' 

4097 

4141 

4185 

4229 

4273 

7 

4317 

4361 

4405 

4449 

4493 

4537 

4581 

4625 

4669 

4713 

44 

8 

4757 

4801 

4846 

4889 

4fim 

4977 

5021 

5066 

5108 

5152 

9 

5196 

5240 

5284 

5328 

5372 

5416 

5460 

5504 

5547 

5591 

Pboportional  Parts. 


Dili. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

46 

^.45 

44 

43 

4.6 
4.5 
4.4 
4.3 

9.2 
9.0 
8.8 
8.6 

13.8 
13.5 
13.2 
12.9 

18.4 
18.0 
17.6 
17.2 

23.0 
22.5 
22.0 
21.5 

27.6 
27.0 
2(3.4 
25.8 

32.2 
31.5 
80.8 
30.1 

36.8 
86.0" 
35.2 
34.4 

41.4 
40.5 
39 

[357] 


TABLE  XXTV. — LOGARITHMS   OP  KUHBEBS. 


No.  < 

990  L.  995.] 

[No.  999  L.  999. 

N. 

0 

1 

» 

8 

4 

5 

6 

7 

8 

9       Diff. 

990 

995635 

5679 

6723 

5767 

5811 

5854 

6698 

5942 

5986 

6030 

1 

6074 

6117 

6161 

6205 

6249 

6293 

6337 

6880 

6424 

&468 

44 

2 

6512 

6555 

6599 

6643 

6687 

6731 

6774 

6818 

6862 

6906 

3 

6949 

6993 

7037 

1  7080 

7124 

7168 

7212 

7255 

7299 

7343 

4 

7386 

7430 

7474- 

■T5W 

7561 

7605 

7648 

7692 

7736 

7779 

5 

7823 

7867 

7910 

7954 

7998 

8041 

8085 

8129 

8172 

8216 

6 

8259 

a303 

8317 

8390 

84S4 

8477 

8521 

8564 

8608 

8652 

7 

8695 

8739 

8782 

8826 

8869 

8913 

8956 

9000 

9043 

9087 

8 

9131 

9174 

9218 

9261 

9305 

9348 

9392 

9435 

9479 

9522 

9 

9565 

9609 

9652 

9696 

9739 

9783 

9826 

9870 

9913 

9957 

43 

Logarithms  of  Numbers  from  1  to  100. 


N. 

Log. 

N. 

1 
21 

! 

Log. 

N. 
41 

Log. 

N. 
61 

liOg. 

N. 
81 

Log. 

1 

0.000000 

1.322219  1 

1.612784 

1.785330 

1.906485 

2 

0.301030 

22 

1.342423  1 

42 

1.623249 

62 

1.792392 

82 

1.913814 

3 

0.477121 

23 

1.361728 

43 

1.633468 

63 

1.799341 

83 

1.919078 

4 

0.602060 

24 

1.380211 

44 

1.643453 

64 

1.806180 

84 

1.9»4*?9 

5 

0.698970 

25 

1.397940 

45 

1.653213 

65 

1.812913 

85 

1.929419 

6 

0.778151 

26 

1.414973 

46 

1.662758 

66 

1.819544 

86 

1.9344\je 

7 

0.845098 

27 

1.431364 

47 

1.672098 

67 

1.826075 

87 

1.989519 

8 

0.903090  < 

28 

1.447158 

48 

1.681241 

68 

l.aS2509 

88 

1.W4483 

9 

0.954243 

29 

1.462398 

49 

1.690196 

69 

1.838849 

89 

1.949590 

10 

1.000000 

30 

1.477121 

50 

1.698970 

70 

1.845098 

99 

1.954S43 

11 

1.041393 

31 

1.491362 

51 

1.707570 

71 

1.851258 

91 

1.959041 

12 

1.079181 

32 

1.505150 

52 

1.710003 

T2 

1.857332 

92 

1.963788 

13 

1.113943 

33 

1.5ia514 

53 

1.724276 

73 

1.863823 

9;) 

1.968483 

14 

1.146128 

34 

1.531479 

54 

1.732394 

74 

1.869232 

94 

1.973128 

15 

1.176091 

35 

1.544068 

55 

1.740363 

75 

1.875061 

95 

1.977724 

16 

1.204120 

36 

1.55(>3n3  ' 

56 

1.748188 

76 

1.880814 

90 

1.982271 

17 

1.230449 

37 

1.568202  ! 

57 

1.755875 

7? 

1.880491 

97 

1.986772 

18 

1.255273 

m 

1.579784  1 

58 

1.763428 

78 

1.892095 

98 

1.991226 

19 

1.278754 

39 

1.591065  , 

59 

1.770852  i 

79 

1.897627 

99 

1.9a5635 

20 

1.301030  ! 

1 

40 

1.602060 

60 

1.778151  ! 

80 

1.903090 

100 

2.000000 

Value 

at  0". 


Sign 
m  1st 
Quad. 


Value 
at  90°. 


Sign 
in  2d 
Quad. 


Value 
at 

180°. 


Sin 

Tan 

Sec 

Versin... 

Cos 

Cot 

Cosec 


o 

^ 

R 

+ 

O 

o 

- 

00 

o 

R 

- 

00 

— 

R 

0 

- 

R 

+ 

2R 

B 

- 

O 

R 

00 

- 

0 

— 

00 

00 

— 

R 

-- 

00 

1 

^'^ 

Value 

Sign 

Value 

at 

in  4th 

at 

Quad. 

.270° 

Quad. 

SGOo. 

, 

R 

■HB 

O 

+ 

00 



o 

— 

00 

-4- 

R 

+ 

R 



O 

O 



R 

+ 

0 

QO 

R 

1 

' 

QO 

R  signifies  equal  to  rad ;  co  signifies  infinite;  O  signifies  evanescent. 

[758]  ~~  "- 


0- 


TABLr:   KXV. — ^LOaARITHMTC   STNES. 


179« 


// 

/ 

Sine. 

2-1 

Tang. 

Cotang. 

q  +  l 

Dl' 

Cosine. 

/ 

4.685 

15.814 

0 

0 

Inf.  npg. 

575 

1575 

Inf.  neg. 

Inf.  poB. 
13.535274 

426 

ten 

60 

60 

1 

6.468726 

575 

575 

6.4637^26 

425 

t^n 

69 

120 

2 

.764756 

575 

.575 

.764756 

.235244 

425 

ten 

68 

180 

8 

6.940847 

575 

575 

6.940847 

13.059168 

425 

t"^n 

57 

^0 

4 

7.065786 

575 

575 

7.065786 

12.934214 

425 

1 
1 

ten 

56 

800 

5 

.162696 

575 

575 

.162696 

.837304 

425 

1   1 
.02 
.00 

ten 

55 

auo 

6 

.241877 

575 

575 

.241878 

.758122 

425 

9.999999 

54 

420 

7 

.308824 

575 

575 

.308825 

.691175 

425 

.999999 

53 

480 

8 

.866816 

574 

576 

.306817 

1   .63;il83 

424 

.00 

.999999  52 

540 

9 

.417968 

574 

576 

.417970 

1   .582030 

424 

.00 
.02 

.999999  51 

600 

10 

.463726 

574 

576 

.463?^ 

.536273 

424 

.999996 

50 

660 

11 

7.506118 

674 

576 

7.505120 

12.494880 

424 

.00 
.02 
.00 
.02 
.00 
.02 
.00 
.02 
.02 
.00 

V. 999998 

49 

720 

12 

.542906 

674 

1577 

.542909 

.457091 

423 

.999997 

48 

780 

13 

.577668 

574 

577 

.577672 

.422328 

423 

.999997 

47 

Mi 

14 

.609853 

574 

i577 

.609857 

.390143 

423 

.999996 

46 

900 

15 

.639816 

673 

578 

.639820 

.360180 

422 

.999996 

45 

960 

16 

.667B45 

578 

578 

.667849 

.332151 

422 

.999995 

44 

1020 

17 

.694173 

573 

'578 

.694179 

.305821 

422 

.999995 

43 

1060 

18 

.718997 

673 

579 

.719003 

.280997 

421 

.999994 

42 

1140 

19 

.742478 

578 

1679 

.742484 

.257516 

421 

.999993 

41 

1200 

20 

.764754 

572 

,580 

.764761 

.235239 

420 

.999993 

.40 

1260 

21 

7.785943 

572 

580 

7.785951 

12.214049 

420 

.02 
.02 
.02 
.02 
.00 
.02 
.02 

9.999992 

39 

1320 

22 

.806146 

572 

581 

.806155 

.193845 

419 

.999991 

38 

1380 

23 

.825451 

572 

'581 

.825460 

.174540 

419 

.999990 

37 

1440 

24 

.843934 

671 

582 

.843944 

.156056 

418 

.999989 

36 

1500 

25 

.861662 

571 

!5S3 

.861674 

.138326 

417 

.999969 

.85 

1560 

26 

.878695 

671 

583 

.878708 

.121292 

417 

.999968 

34 

1620 

27 

.895085 

570 

584 

.895099 

.104901 

416 

.999967 

33 

1680 

28 

.910879 

570 

584 

.910894 

.089106 

416 

.02 
.02 
.03 

.999986 

32 

1740 

29 

.926119 

670 

|585 

.926134 

.073866 

415 

.999985 

31 

1800 

30 

.940642 

669 

586 

.940858 

.059142 

414 

.999983 

80 

1860 

81 

7.955082 

569 

'587 

7.955100 

12.044900 

413 

.02 
.02 

9.999982 

29 

1920 

82 

.968870 

5691  587 

.968889 

.031111 

413 

.999981 

28 

1980 

33 

.982233 

568 

588 

.982253 

.017747 

412 

.02 
.02 
.03 

.999980 

27 

2010 

34 

7.995198 

668 

589 

7.995219 

12.004781 

411 

.999979 

26 

2100 

35 

8.007787 

567 

590 

8.007809 

11.992191 

410 

.999977 

25 

I  2160 

36 

.020021 

567 

591 

.020044 

.979956 

409 

.02 

.999976 

24 

!  2220 

37 

.031919 

566 

592 

.031945 

.968055 

408 

.02 

.999975 

23 

1  2280 

38 

.043501 

666 

593 

.04*527 

.956478 

407 

.03 

.999973 

22 

2340 

89 

.054781 

56G;  593 

.054809 

.945191 

407 

.02 

.999972 

21 

'2400 

40 

.065776 

565  1  594 

.065806 

.934194 

406 

1  .02 

.999971 

20 

2460 

41 

8.076500 

565  595 

8.076531 

11.923469 

405 

.03 

9.999969 

19 

2520 

42 

.066965 

564!  596 

.086997 

.913003 

404 

.02 

.999968 

18 

2580 

43 

.097183 

564 

598 

.097217 

.902783 

402 

.03 

.as 

.999966 

17 

2fr40 

44 

.107167 

563 

599 

.107203 

.892797 

401 

.999964 

16 

2700 

45 

.116926 

562  600 

.116963 

.883037 

400 

.02 

.999963 

15 

2760 

46 

.126471 

562  601 

.126510 

.873490 

399 

,03 

.999961 

14 

2820 

47 

.135810 

661  602 

.135851 

.864149 

898 

.999959 

13 

2880 

48- 

^  .144953 

661  603 

.144996 

.855004 

397 

.02 
.03 
.03 

.999958 

12 

2d40 

49 

.153907 

560  604 

.153952 

.846048 

396 

.999956 

11 

3000 

50 

.162681 

560  605 

.162727 

.837273 

395 

.999954 

10 

3060 

51 

8.171280 

559  607 

8.171328 

11.828672 

393 

.03 
.01 
.08 
.08 
.03 
.08 
.03 
.03 
.03 
.03 

9.999962 

9 

3120  :  52 

.179713 

558  608 

.179763 

.820237 

392 

.999950 

8 

3180  I  53 

.1879&5 

558  609 

.188036 

.811964 

891 

.999948 

7 

a^o 

54 

.196102 

557  611 

.1961.56 

.803844 

380 

.999946 

6 

'3300 

66 

.204070 

556  612 

.204126 

.795874 

388 

.999944 

5 

8:160 

66 

.211895 

556  613 

.211953 

.788047 

387 

.999942 

4 

8420 

57 

.219581 

555  615 

.219^41 

.780359 

885 

.999940 

3 

8480 

68 

.227134 

654 

C16 

.227195 

.772805 

884 

.999938 

2 

a>40 

69 

.234557 

554 

618 

.234621 

.765379 

382 

.999986 

1 

«600 

60 

8.»t18B5 

653 

619 

8.241921 

11.758079 

881 

9.999984 

0 

// 

/ 

4.< 

585 

15.814 

Dl' 

Cosine. 

q-l 

Cotang. 

Tan*. 

q-^l 

Sine. 

[359] 


TABLE   XXV. — ^I.OGARITHMIC   SINES, 


178« 


// 


3600 
8660 
37s» 
37^0 
;^840 
3900 
3960 
40"-iO 
40HO 
4140 
45JOO 

4260 

4320 

4380 

4440 

4500 

4560 

4620 

4(i^<0  i 

4740 

4800 

4860 
4920 
4980 
5(M0 
5100 
5160 
5220 
5280 
5:i40 
5400 

54C0 
5520 
5580 
56-10 
57('0 
5760 
5820 
588«1 
5940 
6000 

6060 
6120 
6180 
6240 
63(X) 

mjo 

6420 
6480 
6540 
6600 

6660 
6720 
6780 
6840 
6900 
6960 
7020 
7080 
7140 
7200 


& 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39- 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
58 
54 
65 
56 
57 
58 
59 
60 


Sine. 


8.241855 

.249033 

.256094 

263042 

.269881 
.276614 
.288243 
.289773 
.296207 
.302546 
.308794 


9- 

-I 

4.685 

668 

619 

562 

620 

551  622  < 
561  |623- 
550  ,625. 


8.3149.54 
.321027 
.327016 
.3:^29!W 
.33875;^ 
.344604 
.350181 
.356r83 
.»)1315 
.366777 

8.872171 
.377499 
.382762 
.387962 
.393101 
.398179 
.403199 
.408161 
.413W58 
.417919 

8.422717 
.427462 

.436800 
.441394 
.445941 
.45(M40 
.4.54893 
.4.")fl301 
.468665 

8.467985 
.472263 
.476498 
.480693 
.484848 
.488963 
.493040 
.497078 
.501080 
.505045 

8.508974 
.512867 
.516726 
.520.551 
.524843 
.528102 
.681828 
.585523 
.589186 

8.642819 


549 
648 
547 
1546 
^546 
545 

644 
543 
M2 
541 
640 
689 
639 


// 


Cosine. 


533 
532 
581 
680 
629 
527 
52<i 
625 

621 
62;^ 
622 
521 
.520 
518 
517 
516 
515 
514 

612 

611 
610 
609 
507 
mi 
605 
508 
602 
501 

499 
498 
497 
496 
494 
492 
491 
490 
488 
487 


627 
628 
630 
632 
638 
686 

687 

688 
640 
642 
644 
646 
648 


638  :649 
537  ,661 
536  |663 

685  1655 
634  1657 


669 
661 
(i68 
666 
668 
670 
672 
674 

676 
679 
681 
<)83 
685 
688 
690 
693 
695 
697 

700 
702 
705 
707 
710 
713 
715 
718 
720 
723 

726 
729 
781 
734 
737 
740 
743 
743 
748 
761 


4.085 


Tang. 


8.241921 
.249102 
.256165 
.263115 
.269956 
.276691 
.283323 
.289856 
.296292 

'  .302634 
.308884 

8.316046 
.321122 
.327114 
.333026 
.338856 
.344610 
.350289 
.355895 
.361480 
.366896 

8.3T2292 
.377622 
.382889 
.388092 
.893234 
.898315 
.403338 
.408304 
.413213 
.418068 

8.422869 
.427618 
.432815 
.486962 
.441560 
.446110 
.450613 
.4.55070 
.469481 
.468849 

8.468172 
.472454 
.476693 
.480892 
.485050- 
.489170 
.493250 
.497293 
.501298 
.505267 

8.509200 
.513098 
.516961 
.520790 
524586 
.528.349 
.532080 
.635779 
.539447 

8.543084 


q  —  I      Gotang. 


Ck>tang. 


q  +  l 


11. 758079 

.760698 

.730044 
.723:^09 
.716677 
.710144 
.7a3708 
.697866 
691116 

11.684964 
.678878 
.672886 
.666976 
.661144 
.656890 
.649711 
.644105 
.688670 
.633106 

11.627708 
.622878 
.617111 
.611908 
.606766 
.601686 
.596662 
.691696 
.586787 
.681982 

11.677181 
.672882 
.567686 
.663088 
.658440 
.658890 
,549887 
.544980 
.540619 
.586161 

11.581888 
.527546 
.523807 
.619108 
.514960 
.510880 
.506760 
.502707 
.498702 
.494783 

11.490800 
.486902 
.483089 
.479210 
.475414 
.471661 
.467920 
.464221 
.460668 

11.466916 


Tang. 


16.814 

881 

880 
878 
877 
875 
878 
87^2 
870 
868 
867 
866 

868 
862 
860 
868 
866 
864 
862 
861 
849 
847 

846 

848 
841 
889 
387 
884 
882 
880 
828 
826 

824 
821 
819 
817 
816 
812 
810 
807 
805 
808 

800 
298 
296 
293 
290 
287 
286 
282 
280 
277 

274 
271 
269 
266 
263 
26(( 
267 
256 
252 
249  i 
15.814 


q^l 


DV 


I! 


06 

05 

as 
o:^ 

05 
08 
09 
06 
08 
06 

06 
03 
06 
06 
08 
06 
05 
05 
05 
05 

05 
06 
06 
06 
06 
06 
05 
05 
07 
05 

05 
07 
05 
05 
07 
05 
07 
05 
07 
07 

05 
07 
07 
07 
07 
05 
07 

ov 

07 
07 

07 
08 
07 
07 
07 
07 
08 
07 
07 
X)6 


Dl' 


Cosine. 


0.999834 
.999932 


999929   68 


9 


9 


60 
69 


999927 
999926 


57 

5t) 


999922      55 


999920 
999918 
999915 
999918 
999910 

999907 
999906 
999902 


53 

61 
51 

49 

48 
47 


999699  I  46 


999697 
999894 
wOWkII 
999688 


999665 
999682 


Sine. 


45 
44 

43  I 
42  I 
41  ' 
40 


39 
38 
37 
36 
35 
34 
S3 


999679 

999876 

999673 

999870 

999867 

999864 

999861 

999858  I  S2 

099864  !  31 

099861  I  SO 

999848  29 

099844  x:H 

099841  ,  27 

909888  !  26 

000884  '  25 

006831  24 

990627  23 

000824  22 

009820  21 

009816  20 

009813  19 

009809  18 

099805  i; 

099801  IC 

0V«0797  l": 

099794  14 

999790  13 

999786  12 

990782  li 

990778  10 


009774 
000769 
990765 
900761 
090767 
990753 
900748  i    8 
990744  I    SI 
900740  I    1 
900786  '    Ol 


W 


[360] 


TABLE  XXr. — ^LOOARITHMIC  SINES, 


176' 


/ 

Sine. 

0 

8.718800 

1 

.721204 

2 

.723595 

3 

.725972 

4 

.728337 

5 

.730688 

6 

.733027 

7 

.735354 

8 

.737667 

9 

.739969 

10 

.742269 

11 

8.744536 

12 

.746802 

18 

.749056 

14 

.751297 

15 

.753528 

16 

.755747 

17 

.757955 

18 

.760151 

19 

.762337 

20 

.764511 

21 

8.766675 

22 

.768828 

23 

.770970 

^ 

.773101 

25 

.775223 

26 

.777333 

27 

.779434 

28 

.781524 

29 

.783605 

30 

.785675 

31 

8.787736 

32 

.789787 

33 

.791828 

34 

.793859 

35 

.795881 

36 

.797894 

37 

.799897 

38 

.801892 

39 

.803876 

40 

.805852 

41 

8.807819 

42 

.809777 

43 

.811726 

44 

.813667 

45 

.815599 

46 

.817522 

47 

.819436 

48 

.821343 

49 

.823240 

50 

.825130 

51 

8.827011 

52 

.828884 

53 

.830749 

54 

.832607 

55 

.a34456 

56 

.836297 

57 

.838130 

58 

.839956 

59 

.84177'4 

60 

8.843585 

/    I 


Cosiii,.. 


D.  r. 


40.07 
38.85 
89.62 
89.42 
39.18 
38.98 
38.78 
88.55 
38.37 
38.17 
37.95 

37.77 
37.55 
37.37 
37.18 
36.98 
36.80 
36.60 
36.43 
36.23 
36.07 

35.88 
85.70 
85.52 
85.87 
35.17 
85.02 
84.83 
84.68 
84.60 
84.85 

84.18 
84.02 
38.85 
33.70 
83.56 
33.38 
33.25 
33.07 
32.93 
32.78 

.32.63 
32.48 
32.35 
32.20 
32.05 
31.90 
31.78 
31.62 
31.50 
31.35 

81.22 

31.08 
80.97 
30.82 
30.68 
30.55 
30.43 
30.30 
80.18 


93' 


D  1". 
[362] 


Cosine. 


D.  r. 


9.999404 
.999896 
.999891 
.999384 
.999378 
.999871 
.999864 
.999867 
.999850 
.999848 
.999886 

9.999329 
.999822 
.999315 
.999308 
.999301 
.999294 
.999287 
.999279 
.999272 
.999265 

9.999257 
.999250 
.999242 
.999285 
.999227 
.999220 
.999212 
.999205 
.999197 
.999189 

9.999181 
.999174 
.999166 
.999158 
.999150 
.999142 
.999134 
.999126 
.999118 
.999110 

9.999102 
.999094 
.999086 
.999077 
.999069 
.999061 
.999053 
.999044 
.999a36 
.999027 

9.999019 
.999010 
.999002 
.998993 
.998984 
.998976 
.998967 
.998958 
.998950 

9.998941 


Sine. 


.10 
.12 
.12 
.10 
.12 
.12 
.12 
.12 
.12 
.12 
.12 

.12 
.12 
.12 
.12 
.12 
.12 
.13 
.12 
.12 
.13 

.12 
.13 
.12 
.13 
.12 
.13 
.12 
.13 
.18 
.18 

.12 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 

.13 
.13 
.15 
.13 
.13 
.13 
.15 
.13 
.15 
.13 

.15 
.13 
.15 
.15 
.13 
.15 
.15 
.13 
.15 


D.  r. 


Tang. 


8.719896 
.721806 
.724204 
.728688 
.728969 
.781317 
.738668 
.736996 
.788817 
.740626 
.742922 

8.745207 
.747479 
.749740 
.751989 
.754227 
.756458 
.768668 
.7608?2 
.768066 
.766246 

8.767417 
.769678 
.771727 
.778866 
.776996 
.778114 
.780222 
.782320 
.784408 
.786486 

8.788554 
.790618 
.792662 
.7»4701 
.796781 
.798762 
.800768 
.802765 
.804758 
.806742 

8.808717 
.810683 
.812641 
.814589 
.816529 
.818461 
.820384 
.822298 
.824205 
.826103 

8.827992 
.829874 
.831748 
.833613 
.835471 
.837321 
.839168 
.840998 
.842825 

8.844644 


Cotang. 


D.  r. 


40.17 
89.97 
89.78 
88.62 
89.80 
89.10 
88.88 
88.68 
38.48 
88.27 
38.08 

87.87 
87.68 
87.48 
87.80 
37.10 
86.92 
36.73 
36.55 
36.35 
86.18 

86.02 
85.82 
86.66 
86.48 
86.82 
86.13 
84.97 
84.80 
84.68 
84.47 

84.82 
84.16 
83.96 
83.83 
88.68 
83.52 
38.37 
83.22 
38.07 
82.92 

82.77 
82.63 
82.47 
82.83 
32.20 
32.05 
31.90 
81.78 
81.63 
31.48 

31.87 
81.23 
81.08 
30.97 
30.83 
30.70 
30.58 
30.4'> 
80.82 


Cotang. 


11.280601 
.278184 
.276796 
.273412 
.271041 
.268683 
.266337 
.264004 
.261688 
.259374 
.257078 

11.254798 
.252521 
.250260 
.248011 
.246778 
.243647 
.2413:^ 
.239128 
.286935 
.234764 

11.232583 
.230422 
.228273 
.226184 
.224005 
.221886 
.219778 
.217680 
.216692 
.218614 

11.211446 
.209387 
.207338 
.206980 
.208269 
.201248 
.199237 
.197235 
.196S42 
.193258 

11.191283 
.189317 
.187359 
.185411 
.183471 
.181539 
.179616 
.177702 
.175795 
.173897 

11.172006 
.170126 
.168252 
.166387 
.164529 
.162679 
.160637 
.159002 
.157175 

11.155356 


D.  1".  I  Tang. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
84 
33 
32 
31 
30 

29 
26 
27 
26 
25 
24 
23 
23 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
0 
4 
3 
2 
1 
0 


86' 


cosninss,  tangents,  and  cotangents. 


ITJP 


Sine. 


0 
1 
2 
3 

4 
5 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 

22 

24 

^ 

26 

27 

28" 

29 

30 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8.848585 
.845387 
.847183 
.848971 
.850751 
.852525 
.854291 
.856049 
.857801 
.859546 
.861283 

8.863014 
.864788 
.866455  j^ 
.868165^ 
.869868 
.871565 
.873255 
.874938 
.876615 
.878285 

8.879949 
.881607 
.883258 
.884903 
.886542 
.888174 
.889801 
.891421 
.893035 
.894643 

8.896246 
.897842 
.899432 
.901017 
.902596 
.904169 
.905736 
.907297 
.908853 
.910404 

8.911949 
.913488 
.915022 
.916550 
.918073 
.919591 
.921103 
.922610 
.924112 
.925609 

8.927100 
.928587 
.980068 
.931544 
.933015 
.934481 
.935942 
.937398 
.938850 

8.940296 


D.  r. 


Cosine. 


30.03 
29.93 
29.80 
29.67 
29.57 
29.43 
29.30 
29.20 
29.08 
28.95 
28.85 

28.73 

28.62 
28.50 
28.38 
28.28 
28.17 
28.05 
27.9£i 
27.83 
27.73 

27.63 
27.52 
27.42 
27.32 
27.20 
27.12 
27.00 
26.90 
26.80 
26.72 

26.60 
26.50 
26.42 
26.32 
26.22 
26.12 
26.02 
25.93 
25.85 
25.75 

25.65 
25.57 
25.47 
25.88 
25.30 
25.20 
25.12 
25.03 
24.95 
24.85 

24.78 
24.68 
24.60 
24.52 
24.43 
24.35 
24.27 
24.20 
24.10 


D.  1'. 


Cosine. 


9.998941 
.998932 
.998923 
.998914 
.998905 
.998896 
.998887 
.998878 
.998869 
.998860 
.998851 

9.998841 
.998882 
.998823 
.998813 
.998804 
.998795 
.998785 
.998776 
.998766 
.998757 

9.998747 
.998738 
.998728 
.998718 
.998708 
.998699 
.998689 
.998679 
.998669 
.998659 

9.998649 
.998639 
.998629 
.998619 
.998609 
.998599 
.998589 
.998578 
.998568 
.998558 

9.998548 
.998537 
.998527 
.998516 
.998506 
.998495 
.998485 
.998474 
.998464 
.998453 

9.998442 
.998431 
.99^21 
.998410 
.998399 
.998388 
.998377 
.998366 
.99a355 

9.998344 


Sine. 


jy.v. 


.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.17 

.15 
.15 
.17 
.15 
.15 
.17 
.15 
.17 
.15 
.17 

.15 
.17 
.17 
.17 
.15 
.17 
.17 
.17 
.17 
.17 

.17 
.17 
.17 
.17 
.17 
.17 
.18 
.17 
.17 
.17 

.18 
.17 
.18 
.17 
.18 
.17 
.18 
.17 
.18 
.18 

.18 
.17 
.18 
.18 
.18 
.18 
.18 
.18 
.18 


Tang. 


D.  r 


8.844644 
.846465 
.848260 
.850057 
.851846 
.853628 
.855403 
.857171 
.858932 
.860686 
.862433 

8.864173 
.865906 
.867632 
.869351 
.871064 
.872770 
.874469 
.876162 
.877849 
.879529 

8.881202 
.882869- 
.884530' 
.886186* 
.887833 
.889476 
.891112 
.892742 
.894366 
.895984 

8.897596 
.899203 
.900803 
.902398 
.903987 
.905570 
.907147 
.908719 
.910285 
.911846 

8.913401 
.914951 
.916495 
.918034 
.919568 
.921096 
.922619 
.924136 
.925649 
.927156 

8.928658 
.930155 
.931647 
.933134 
.934616 
.936093 
.937565 
.939032 
.940494 

8.94m52 


D.  1'. 


30.18 
30.08 
29.95 
29.82 
29.70 
29.58 
29.47 
29.35 
29.23 
29.12 
29.00 

28.88 
28.77 
28.65 
28.55 
28.43 
28.32 
28.22 
28.12 
28.00 
27.88 

27.78 
27.68 
27.58 
27.47 
27.88 
27.27 
27.17 
27.07 
26.97 
26.87 

26.78 
26.67 
26.58 
26.48 
26.38 
26.28 
26.20 
26.10 
26.02 
25.92 

25.83 
25.73 
25.63 
25.57 
25.47 
25.38 
25.28 
25.22 
25.12 
25.03 

24.95 
24.87 
24.78 
24.70 
24.62 
24.53 
24.45 
24.37 
24.30 


Cotang. 


Cotang.  I  D.  1'. 


11.156356 

60 

.153545 

59 

.151740 

58 

.149943 

57 

.148154 

56 

.146372 

55 

.144597 

54 

.142829 

53 

.141068 

52 

.139314 

51" 

.137567 

50 

11.135827 

49 

.134094 

48 

.132368 

47 

.130649 

46 

.128936 

45 

.127280 

44 

.125531 

43 

.128888 

42 

.122151 

41 

.130471 

40 

11.118798 

89 

.117181 

38 

.115470 

37 

.118815 

36 

.112167 

35 

.110524 

34 

.108888 

33 

.107258 

82 

.105634 

31 

.104016 

30 

11.102404 

29 

.100797 

28 

.099197 

27 

.097602 

26 

.096013 

25 

.094130 

24 

.092863 

23 

.091281 

22 

.089715 

21 

.088154 

20 

11.086599 

19 

.085049 

18 

.083505 

17 

.081966 

16 

.080432 

15 

.078904 

14 

.077881 

13 

.075864 

12 

.074351 

11 

.072844 

10 

11.071342 

9 

.069845 

8 

.068353 

7 

.066866 

6 

.065384 

0 

.063907 

^ 

.062435 

i 

.060968 

2 

.059506 

1 

11.058048 

0 

Tang. 

' 

94« 


[363] 


TABLB  XXV. — ^LOOAKITHMIC  SmES, 


174* 


/ 

Sine. 

0 

8.»40SK)G 

1  1 

.941738 

2 

.948174 

3 

.1U4606 

4 

.»460J« 

5 

.947456 

6 

.W8874 

7 

.950387 

8 

.951696 

9 

.953100 

10 

.954499 

11 

8.955894 

n 

.9572^ 

13  : 

.958670 

14 

.960052 

15 

.961429 

16 

.962801 

17 

.964170 

18 

.9655*4 

19 

.966893 

20 

.968249 

21 

8.969600 

22 

.970947 

23 

.972289 

24 

.973628 

25 

.974962 

20 

.976293 

27 

.977619 

28 

.978941 

29 

.980259 

30 

.981673 

31 

8.982888 

82 

.984189 

33 

.mmi 

34 

.986789 

35 

.988083 

86 

.989374 

87 

.990*360 

38 

.991943 

39 

.993222 

40 

.994497 

41 

8.995768 

42 

.9J)7036 

43 

.998299 

44 

8.999560 

45 

9.000816 

46 

.002069 

47 

.003318 

48 

.0045(33 

49 

.005805 

50 

.007044 

51 

9.008278 

52 

.009510 

5:^ 

.010737 

54 

.011962 

•55 

.013182 

56 

.014400 

57 

.015613 

58 

.0168;^ 

50 

.018(«1 

60 

9.019235 

D.  r. 


1^.03 
23.93 
23.87 
23.80 
23.70 
23.68 
23.56 
23.48 
23.40 
23.32 
23.25 

23.17 
33.10 
23.08 
22.95 
22.87 
22.82 
22.78 
22. &5 
22.60 
22.52 

22  46 
22.37 
22.82 
22.28 
22.18 
22.10 
22.03 
21.97 
21.90 
21.88 

21.77 
21.72 
21.63 
21.57 
21.52 
21.48 
21.38 
91.32 
21.25 
21.18 

21.13 
21.05 
21.02 
20.93 
20.88 
20.82 
20.75 
20.70 
20.(35 
20.57 

20.58 
20.46 
20.42 
20.38 
20.80 
20.22 
20.18 
20.12 
20.07 


Cosine. 


D.  r. 


Tang. 


9.998844 

.998333 
.998322 
.998311 
.998300 
.998289 
.998277 
.998266 
.998256 
.998248 
.998382 


9 


998220 

.998209 
.998197 
.99WlciO 
.998174 
.998163 
.998151 
.998189 
.998128 
.998116 

9.998104 
.998092 
.998080 

•..998068 
.998056 
.998044 
.998032 
.998020 
.998008 
.997996 

9.997984 
.997972 
.997959 
.997947 
.9979a5 
.997922 
.997910 
.997897 
.997885 
.997872 

9.997860 
.997847 
.997835 
.997822 
.99;"809 
.997797 
.997784 
.997771 
.997758 
.997745 

9.907732 

.997719 
.997700 
.997693 
.997680 
.9976(57 
.9976M 
.997641 
.997628 
9.997614 


,18 

.18 
.18 
.18 
.18 
.20 
.18 
.18 
.20 
.18 
.20 

.18 
.20 
.18 
.20 
.18 
.20 
.20 
.18 
.20 
.20 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.20 

!20 
.20 
.22 
.20 
.22 
.20 
.22 
.20 

!20 
.22 

!20 
.22 
.22 
.22 
.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22  I 

.22  I 

.23 


8.941952 

.944852 
.946295 
.947734 
.949168 
.950597 
.952021 
.958441 
.954856 
.96<i267 

8.957674 
.959075 
.960473 
.961866 
.968255 
.9^4639 
.966019 
.967394 
.968766 
.970183 

8.971496 
.9728>5 
.974209 
.975560 
.976906 
.978248 
.979586 
.980921 
.982251 
.983577 

8.9&4899 
.986217 
.987532 
.988842 
.990149 
.991461 
.992750 
.994046 
.995387 
.9966:^ 

8.997908 
8.J)99188 
9.00(M65 
.001?38 
.003007 
.004272 
.005634 
.006792 
.008047 
.009298 

9.010546 
.011790 
.0113031 
.014268 
.015602 
.016782 
.017959 
.019183 
.020403 

9.021620 


D.  r. 


24.20 

24.18 
24.06 
28.98 
28.90 
23.82 
23.73 
28.67 
28.68 
28.62 
28.45 

28.86 
23.80 
23.22 
28.15 
28.07 
28.00 
22.92 
22.87 
S2.78 
22.72 

22.65 
22.67 
22.62 
22.43 
22.87 
22.80 
22.25 
22.17 
22.10 
22.03 

21.97 
21.92 
21.88 
21.78 
21.70 
21.65 
21.58 
21.63 
21.45 
21.40 

21.88 

21.28 
21.22 
21.15 
21.08 
21.08 
20.97 
20.92 
20.85 
20.80 

30.73 
20.68 
20.62 
20.57 
20.60 
20.46 
20.40 
20.88 
20.28 


Cosine.  |  D.  1'.    .     Sine.     |  D.  1'.  ||  Cotang.   |  D.  1*. 


Cotang. 


11.058048  ,  60 

.056596  I  69 

.055148  I  58 

.053705  I  57 

.062266  56 

.050832  I  55 

.049403  ;  64 

.047979  ;  63 

.046659  52 

.046144  51 

.043733  50 


ll.(M2826 
.040925 • 
.039527 
.038184 
.086745 
.036861 
.088981 
.082606 
.0812^ 
.029867 

11.028604 
.027145 
.025791 
.024440 
.028094 
.021762 
.020414 
.019079 
.017749 
.016423 

11.016101 
.013783 
.012468 
.011168 
.009861 
.006649 
.007250 
.005956 
.004663 
.008376 

11.002092 
11.000812 
10.999585 
.998262 
.996993 
.995728 
.994466 
.998208 
.991953 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
88 
37 
86 
85 
»4 
83 
32 
31 
30 

29 
28 
27 
26 
25  I 
24 
23 
22  . 
21  I 
20  I 

19 

18  I 
17  1 
16 
15 

14  . 
13 
12  , 
11 


.990702 

10 

10.989454 

9 

.988210 

8 

.986969 

7 

.985732 

6 

.984498 

5 

.083268 

4 

.982041 

3 

.980817 

2 

.979697 

1 

10.978880 

0 

Tang. 

1 

»5< 


[364I 


84* 


e* 


COSINES,  TANGENTS,  AND  COTANGENTS. 


173< 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Sine. 


9.019235 
.020435 
.021632 
.022825 
.024016 
.0852ft3 
.026386 
.027567 
.028744 
.029918 
.081089 

9.082257 
.033421 
.034582 
.035741 
.036896 
.038048 
.089197 
.040342 
.(H1485 
.042625 

9.048769 
.044895 
.046026 
.047154 
.048279 
.049400 
.050519 
.051635 
.052749 
.058859 

9.054966 
.056071 
.057178 
.058271 
.059367 
.060460 
.061551 
.062639 
.063724 
.064806 

9.065885 
.066962 
.068036 
.069107 
.070176 
.071242 
.072806 
.073866 
.074424 
.075480 


51 

9.076533 

52 

.077583 

53 

.078631 

54 

.079676 

55 

.080719 

56 

.081759 

57 

.082797 

58 

.088832 

59 

.064864 

60 

9.085894 

/ 

Cosine. 

D.  r. 


20.00 
19.95 
19.88 
19.85 
19.78 
19.72 
19.68 
19.62 
19.57 
19  52 
19.47 

19.40 
19.35 
19.32 
19.25 
19.20 
19.15 
19.08 
19.05 
19.00 
18.95 

.18.88 
18.85 
18.80 
18.75 
18.68 
18.65 
18.60 
18.57 
18.50 
18.45 

18.42 
18.85 
18.82 
18.27 
18.22 
18.18 
18.13 
18.08 
18.08 
17.98 

17.95 
17.90 
17.85 
17.82 
17.77 
17.73 
17.67 
17.68 
17.60 
17.55 

17.50 

17.47 
17.42 
17.88 
17.33 
17.80 
17.25 
17.20 
17.17 


D.  1'. 


Cosine. 


9.997614 
.997601 
.997588 
.997574 
.997561 
.997547 
.997534 
.997520 
.997507 
.997493 
.997480 

9.997466 
.997452 
.997439 
.997425 
.997411 
.997897 
.997388 
.997869 
.997855 
.997341 

9.997827 
.997813 
.997299 
.997285 
.997271 
.997257 
.997242 
.997228 
.997214 
.997199 

9.997185 
.997170 
.997156 
.997141 
.997127 
.997112 
.997098 
.997083 
.997068 
.997053 

9.997039 
.997024 
.997009 
.996994 
.996979 
.996964 
.996949 
.996934 
.996919 
.996904 

9.996889 
.996874 
.996858 
.996843 
.996828 
.996812 
.996797 
.996782 
.996766 

9.996751 


.  Sine. 


D.  1". 


!22 
.23 

!23 
.22 
.23 
.22 
.23 
.22 
.23 

.23 
.22 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 

.23 
.23 
.23 
.23 
.23 
.25 
.23 
.23 
.25 
.23 

.25 
.23 
.25 
.23 
.25 
.23 
.25 
.25 
.25 
.23 

.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.25 
.27 
.25 
.27 
.27 
.25 
.25 
.27 
.25 


Tang. 


9.021620 
.022834 
.024044 
.025251 
.026455 
.027655 
.028852 
.030046 
.031287 
.032425 
.088609 

9.084791 
.035969 
.037144 
.088816 
.089485 
.040651 
.041813 
.042973 
.044130 
.045284 

9.046434 
.047582 
.048727 
.049869 
.061008 
.052144 
.058277 
,054407 
.055535 
.056659 

9.067781 
.058900 
.060016 
.061180 
.062240 
.068848 
.064453 
.065556 
.066655 
.067752 

9.068&16 
.069938 
.071027 
.072113 
.073197 
.074278 
.075856 
.076432 
.077505 
.078576 

9.079644 

.080710 
.081773 
.082833 
.083891 
.084947 
.086000 
.087050 
.088098 
9.089144 


D.  1". 


20.23 

20.17 

20.12 

20.07 

20.00 

9.95 

9.90 

9.85 

9.80 

9.73 

9.70 

9.68 
9.58 
9.58 
9.48 
9.43 
9.87 
9.83 
9.28 
9.^ 
9.17 

9.18 
9.08 
9.03 

8)98 
8.98 
8.88 
888 
8.80 
8.78 
8.70 

8.65 
8.60 
8.57 
8.60 
8.47 
8.42 
8.88 
8.32 
8.28 
8.26 

8.20 
8.15 
8.10 
8.07 
8.02 
7.97 
7.98 
7.88 
7.85 
7.80 

7.77 
7.72 
7.67 
7.68 
7.60 
7.55 
7.50 
7.47 
7.48 


Cotang. 


10.97a380 
.977166 
.975956 
.974749 
.973545 
.972845 
.971148 
.969954 
.968763 
.967575 
.966391 

10.965209 
.964081 
.962866 
.961684 
.960515 
.959349 
.958187 
.957027 
.955870 
.954716 

10.953666 
.952418 
.951273 
.960181 
.948992 
.947856 
.946723 
.945593 
.944465 
.948841 

10.94C<;19 
.941100 
.939984 
.938870 
.987760 
.986652 
.9a5547 
.934444 
.988845 
.932248 

10.931154 

.9mm 

.928973 
.927887 
.926803 
.925722 
.924644 
.92Smi 
.922495 
.921424 

10.920856 
.919290 
.918227 
.917167 
.916109 
.915053 
.914000 
.912950 
.911902 

10.010856 


96' 


D.  r.   li  Cotang.  |  D.  1". 


Tang. 


1 


TABLE  XXV.— LOGAKITHMIC  SINES, 


I72» 


Sine. 


0 

9.065894 

1 

.086922 

2 

.087947 

8 

.088970 

4 

.069990 

5 

.091008 

6 

.092024 

7 

.093087 

8 

.094047 

9 

.095056 

10 

.096062 

11 

9.097065 

12 

.096066 

18 

.099065 

14 

.100062 

16 

.101056 

16 

.102048 

17 

.103037 

18 

.104025 

19 

.105010 

20 

.105992 

21 

9.106973 

22 

.107951 

23 

.108927 

24 

.109901 

25 

.110873 

26 

.111842 

27 

.112809 

28 

.113774 

29 

.114737 

30 

.115698 

31 

9.116666 

32 

.117618 

88 

.118567 

34 

.119519 

85 

.120469 

36 

.121417 

87 

.122362 

38 

.123306 

39 

.124248 

40 

.125187 

41 

9.126125 

42 

.127060 

43 

.127993 

44 

.128926 

45 

.129654 

46 

.130781 

47 

.131706 

48 

.132630 

49 

.ia%51 

60 

.134470 

61 

9.136387 

52 

.136303 

63 

.137216 

54 

.188128 

55 

.139037 

66 

.139944 

57 

.Moa^o 

58 

.141754 

59 

.142655 

60 

3.143555 

D.  1'. 


17.13 
17.08 
17.05 
17.00 
16.97 
16.98 
16.88 
16.88 
16.82 
16.77 
16.72 

16.68 
16.65 
16.62 
16.57 
16.53 
16.48 
16.47 
16.42 
16.37 
16.35 

16.80 
16.27 
16.28 
16.20 
16.15 
16.12 
16.08 
16.06 
16.02 
15.97 

15.95 
16.90 
15.87 
15.88 
15.80 
15.75 
15.78 
15.70 
15.65 
15.68 

16.58 
15.55 
15.58 
15.48 
15.45 
15.42 
15.40 
15.35 
15.32 
\5.28 

15.27 
15.22 
15.90 
15.15 
15.12 
15.10 
15.07 
15.02 
15.00 


C!osine. 


D.  r 


Cosine.  I  D.  1*. 


9.996761 
.996785 
.996720 
.996704 
.996688 
.996673 
.996657 
.996641 
.996625 
.996610 
.996694 

9.996678 
.996662 
.996646 
.996680 
.996614 
.996498 
.996482 
.996465 
.996449 
.996488 

9.996417 
.996400 
.996384 
.996368 
.996351  _ 
.996385r'' 
.996318 
.996302 
.996285 
.996269 

9.996252 
.996285 
.996219 
.996202 
.996185 
.996166 
.996151 
.996134 
.996117 
.996100 

9.996088 
.996066 
.996049 
.996032 
.996015 
.995998 
.995960 
.995963 
.995946 
.995928 

d. 995911 

.995894 
.995876 
.995859 
.995811 
.995823 
.995806 
.995788 
.995771 
9.995753 


Sine. 


.27 
.26 
.27 
.27 
.26 
.27 
.27 
.27 
.26 
.27 
.27 

.27 
.27 
.27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 

.28 
.27 
.27 
.28 
.27 
.28 
.27 
.28 
.27 
.28 

.28 
.27 
.28 
.26 
.28 
.28 
.28 
.26 
.28 
.28 

.28 
.28 
.28 
.28 
.28 
.30 
.28 
.28 
.30 
.28 

.28 
.80 
.28 
.30 
.80 
.28 
.30 
.28 
.30 


Tang. 


D.  r. 


9.069144 
.090187 
.091228 
.092266 
.093302 
.094336 
.095367 
.096395 
.097422 
.098446 
.099468 

9.100487 
.101504 
.102519 
.103532 
.104542 
.105650 
.106556 
.107559 
.106560 
.109659 

9.110556 
.111551 
.112548 
.113533 
.114521 
.115507 
.116491 
.117472 
.118452 
.119429 

9.120404 
.121877 
.122848 
.123317 
.124284 
.125249 
.126211 
.127172 
.128180 
.129087 

9.130041 
.180994 
.181944 
.132893 
.133839 
.134784 
.135726 

♦.136667 
.137605 
.188542 

9.189476 
.140409 
.141340 
.142269 
.143196 
.144121 
.145044 
.145966 
.146885 

9.147803 

Cotang. 


D.  1- 


17.38 
17.85 
17.80 
17.27 
17.23 
17.18 
17.18 
17.12 
17.07 
17.08 
16.98 

16.96 
16.92 
16.88 
16.83 
16.80 
16.77 
16.72 
16.68 
16.66 
16.62 

16.58 
16.58 
16.50 
16.47 
16.48 
16.40 
16.35 
16.38 
16.26 
16.26 

16.22 
16.18 
16.15 
16.12 
16.08 
16.03 
16.02 
15.97 
15.95 
15.90 

15.88 
15.83 
15.82 
15.77 
15.75 
15.70 
15.68 
15.68 
16.62 
15.57 

15.56 
16.52 
15.48 
15.46 
15.42 
15.86 
15.87 
15.82 
15.80 


D.  1'. 


Cotang. 


10.910866  i  60 
.909813  ;  59 
.908772  I  58 
.907734  ,  57 
.906696 
.905664 
.904633 
.908605 
.902578 
.901554 
.900532 

10.899513 
.896496 
.897481 
.896468 
.895458 
.894450 
.898444 
.892441 
.891440 
.890441 

10.889444 

.888449 
.887467 
.886467 
.885479 
.884493 
.883509 
.882528 
.881548 
.880671 

10.879596 
.878623 
.877652 
.876688 
.875716 
.874751 
.878789 
.872828 
.871870 
.870918 

10.869969 
.869006 
.868056 
.867107 
.866161 
.665^16 
.864274 
.863338 
.862395 
.861468 

10.860524 

.859591 

.866660 

.857731 

.856804 

.855879 

.864956 

.854084 

.858115 
10.852197 


Tang. 


[366] 


82' 


8< 


COSINES,  TANGENTS,  AND  COTANGENTS. 
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0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 

26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


D.  1" 


9.143555 
.144453 
.145349 
.146243 
.147136 
.148026 
.148915 
.149802 
.150686 
.151560 
.152451_ 

9.153830 
.154208 

!l55^ 

.156830 

.157700 

.158569 

.159435 

.160801 

.161164 

9.162025 
.162885 
.163743 
.164600 
.165454 
.166307 
.167159 
.168008 
.168856 
.169702 

9.170547 
.171389 
.172230 
.173070 
.173908 
.174744 
.175578 
.176411 
.177242 
.178072 

9.178900 
.179726 
.180551 
.181374 
.182196 
.183016 
.183834 
.184651 
.185466 
.186280 

9.187092 
.187903 
.188712 
.189519 
.190325 
.191130 
.191933 
.192734 
.193534 

9.194332 


14.97 
14.93 
14.90 
14.88 
14.83 
14.82 
14.78 
14.73 
14.72 
14.70 
14.65 

14.63 
14.58 
14.57 
14.55 
14.50 
14.48 
14.43 
14.43 
14.38 
14.35 

14.33 
14.30 
14.28 
14.23 
14.25} 
14.20 
14.15 
14.13 
14.10 
14.06 

14.03 
14.02 
14.00 
13.97 
13.98 
13.90 
13.88 
13.85 
13.83 
13.80 

13.77 
18.75 
13.72 
13.70 
13.67 
13.63 
13.62 
13.58 
13.57 
13.53 

13.52 
13.48 
13.45 
13.43 
13.42 
13.38 
13.35 
13.33 
13.30 


Cosine.   I  D.  1*. 


Cosine. 


9.995753 
.995735 

.995717 
.995699 
.995681 
.995664 
.995646 
.995628 
.995610 
.995591 
.995573 

9.995555 
.995537 
.995519 
.995501 
.995482 
.995464 
.995446 
.995427 
.995409 
.995390 

9  995372 
.995353 
.995834 
.995316 
.995297 
.995278 
.995260 
.995241 
.995222 
.995203 

9.995184 
.995165 
.995146 
.995127 
.995108 
.995089 
.995070 
.995051 
.995032 
.995013 

9.994998 
.994974 
.994955 
.994935 
.994916 
.994896 
.994877 
.994857 
.994838 
.994818 

9.994798 
.994779 
.994759 
.994739 
.994720 
.994700 
.994680 
.994660 
.994640 

9.994620 

Sine. 


D.l' 


.30 
.30 
.30 
.30 
.28 
.30 
.30 
.30 
.32 
.30 
.30 

.30 
.30 
.30 
.32 
.30 
.30 
.32 
.30 
.32 
.30 

.82 
.32 
.30 
.32 
.32 
.30 
.32 
.32 
.32 
.82 

.32 
.32 
.32 
.32 
.32 
.32 
.32 
.82 
.32 
.33 

.32 
.32 
.33 
.82 
.33 
.32 
.33 
.32 
.33 
.33 

.82 
.33 
.88 
.82 
.38 
.33 
.33 
.38 
.38 


Tang. 


D.  r. 


9.147803 
.148718 
.149632 
.150544 
.151454 
.152363 
.153269 
.154174 
.155077 
.155978 
.156877 

9.157775 
.158671 
.159565 
.160457 
.161347 
.162236 
.168123 
.164008 
.164892 
.166774 

9.166654 
.167532 
.168409 
.169284 
.170157 
.171029 
.171899 
.172767 
.173634 
.174499 

9.175362 

.176224 
.177084 
.177942 
.178799 
.179655 
.180508 
.181360 
.182211 
.183059 

9.183907 
.184752 
.185597 
.186439 
.187280 
.188120 
.188958 
.189794 
.190629 
.191462 

9.192294 
.198124 
.193953 
.194780 
.195606 
.196430 
.197253 
.198074 
.198894 

9.199713 


D.  r 


15.25 
15.28 
15.20 
15.17 
15.15 
15.10 
15.08 
15.05 
15.02 
14.98 
14.97 

14.93 
14.90 
14.87 
14.83 
14.82 
14.78 
14.75 
14.78 
14.70 
14.67 

14.63 
14.62 
14.68 
14.55 
14.53 
14.50 
14.47 
14.45 
14.42 
14.38 

14.37 
14.33 
14.30 
14.28 
14  27 
14.22 
14.20 
14.18 
14.18 
14.13 

14.08 
14.08 
14.03 
14.02 
14.00 
13.97 
18.98 
18.92 
18.88 
13.87 

13.83 
18.82 
13.78 
18.77 
18.73 
18.72 
13.68 
13.67 
18.65 


Cotang. 


10.852197 
.851282 
.850868 
.849456 
.848546 
.847687 
.846731 
.845826 
.844928 
.844022 


60 
59 
68 
57 
56 
55 
54 
53 
52 
51 


.8431^.^60 

10.842225  49 

.841829  48 

.840435  47 

.839543  46 

.838653  45 

.887764  44 

.836877  43 

.835992  42 

.885108  41 

.831226  40 

10.883346  39 

.882468  88 

.881591  87 

.830716  36 

.829843  85 

.828971  34 

.828101  33 

.827283  32 

.826366  31 

.825501  30 

10.824638  29 

.823776  I  28 

.822916  27 

.822058  I  26 

.821201  25 

.820645  24 

.819492  23 

.818640  '  22 

.817789  21 

.810941  20 

10.816093  !  19 

.815248  I  18 

.814403  ;  17 

.813561  16 

.812720  I  15 
.811880 
.811042 
.810206 
.809371 
.808538 


lo.sorroe 

.806876 
-.806047 
.805220 
.804394 
.803570* 
.802747 
.801926 
.801106 
10.800287 


98< 


Cotang.  I  D.  1'. 
[367] 


Tang. 


14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


t 


TABLE  XXV.— LOGARITHMIC  SINES, 


170* 


Sine. 


9.194382 
.195129 
.195925 
.196719 
.197511 
.198302 
.199091 
.199879 
.200666 
.201461 
.202231 

9.203017 
.2U3797 
.204577 
.205354 
.206131 
.206906 
.207679 
.2«i452 
.209222 
.209992 

9.210760 
.211526 
.212291 
.213055 
.213818 
.214579 
.215338 
.216097 
.216864 
.217609 

9.218363 
.219116 
.219868 
.220618 
.221367 
.222115 
.222861 
.223606 
.2^349 
.225092 

9.225833 
.226573 
.227311 
.228048 
.228784 
.229518 
.230252 
.230984 
.231715 
.232444 

9.233172 
.233899 
.2:34625 
.235349 
.236073 
.236795 
.237515 
.238235 
.238953 

9.239670 


D.  1'. 


Cosine. 


13.28 
13.27 
13.23 
13.20 
13.18 
13.15 
13.13 
13.12 
13.08 
13.05 
13.05 

13.00 
13.00 
12.95 
12.95 
12.92 
12.88 
12.88 
12.83 
12.83 
12.80 

12.77 
12.75 
12.73 
12.72 
12.68 
12.65 
12.65 
12.62 
12.58 
12.57 

12.55 
12.53 
12.50 
12.48 
12.47 
1^.43 
12.42 
12.38 
12.38 
12.36 

12.33 
12.30 
12.28 
12.27 
12.23 
12.23 
12.20 
12.18 
12.15 
12.13 

12.12 
12.10 
12.07 
12.07 
12.03 
12.00 
12.00 
11.97 
11.95 


Cosine.  I  D.  1'. 


[368J 


9.994620 
.9»1600 
.994560 
.994560 
.994540 
.994519 
.994199 
.994479 
.994459 
.994438 
.994418 

9.994398 
.994377 
.994357 
.994336 
.994316 
.994295 
.994274 
.994254 
.994283 
.994212 

9.994191 
.994171 
.994150 
.994129 
.994108 
.994087 
.994066 
.994045 
.994024 
.994003 

9.993982 
.993960 
.998939 
.993918 
.993897 
.993875 
.993864 
.998832 
.998811 
.993789 

9.993768 
.998746 
.993725 
.993708 
.998681 
.993660 
.993638 
.998616 
.998591 
.993572 

9.993550 
.998528 
.998506 
.993484 
.998462 
.998440 
.998418 
.998396 
.993374 

9.993351 


Sine. 


D.  r. 


.83 
.33 
.33 

.as 

.35 
.33 
.33 
.33 
.35 
.33 
.33 

.35 
.83 
.35 
.88 
.86 
.35 
.38 
.86 
.86 
.86 

.38 
.36 
.86 
.36 
.35 
.35 
.35 
.35 
.35 
.35 

.37 
.36 
.85 
.85 
.37 
.35 
.37 
.35 
.37 
.85 

.37 
.35 
.37 
.37 
.35 
.37 
.37 
.37 
.37 
.37 

.37 
.37 
.87 
.37 
.87 
.37 
.37 
.37 
.88 


D.  1". 


Tang. 


9.199713 
.200529 
.201345 
.202159 
.202971 
.203782 
.204592 
.205400 
.206207 
.207013 
.207817 

9.208619 
.209420 
.210220 
.211018 
.211815 
.212611 
.213405 
.214198 
.214989 
.216780 

9.216668 
.217356 
.218142 
.218926 
.219710 
.220492 
.221272 
.222052 
.222830 
.223607 

9.224382 
.225156 
.226929 
.226700 
.227471 
.228239 
.229007 
.229773 
.230539 
.231302 

9.282066 
.282826 
.233586 
.284845 
.285103 
.235859 
.236614 
.237368 
.238120 
.238872 

9.289622 
.240871 
.241118 
: 241865 
.242610 
.248354 
.244097 
.2448:39 
.246579 

9.246319 


Cotang. 


D.  r. 


Cotang. 


13.60 
18.60 
13.57 
13.53 
13.52 
13.50 
13.47 
13.45 
18.43 
13.40 
18.87 

13.35 
13.33 
13.30 
13.28 
18.27 
13.23 
13.22 
13.18 
13.18 
13.13 

13.18 
18.10 
13.07 
18.07 
13.03 
13.00 
18.00 
12.97 
12.95 
12.92 

12.90 
12.88 
12.86 
12.85 
12.80 
12.80 
12.77 
12.77 
12.72 
12.72 

12.68 
12.67 
12.65 
12.63 
12.60 
12.58 
12.57 
12.53 
12.63 
12.50 

12.48 
12.45 
12.46 
12.42 
12.40 
12.38 
12.37 
12.33 
12.33 


D.  1'. 


10.800287 
.799471 
.798665 
,797iWl 
.797029 
.796218 
.795408 
.794600 
.793793 
.792987 
.792183 

10.791381 

.790580 

,.789780 

.788185 
.787389 
.786595 
.786802 
.785011 
.7*84220 

10.788432 
.782644 
.781868 
.781074 
.780290 
.779508 
.778728 
.777948 
.777170 
.776893 

10.775618 
.774844 
.774071 
.773300 
.  77^2529 
.771761 
.770993 
.770227 
.769461 
.768698 

10.767985 
.767174 
.766414 
.766655 
.764897 
.764141 
.768886 
.762682 
.761880 
.761128 

10.760378 
.759629 
.758882 
.758135 
.757390 
.756646 
.765903 
.755161 
.754421 

10.763681 


Tang. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

47 
46 
45 
44 
43 
42 
41 
40 

89 
38 
37 
36 

SI 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

J 

80« 


10* 


COSINES,  TANGENTS,  AND  COTANGENTS. 


169" 


Sine. 


0 
1 
2 
3 

4 
5 
6 

7 

8 

9 

10 

U 

J2 
18 
14 
15 
1(5 
17 
18 
19 
20 

21 

2a 

23 
21 
25 

2G 
27 

28 
29 
I  30 

I  31 

;  32 

,  33 

'  34 

,  35 

36 

'  37 

:  38 

39 

40 

i  41 
42 
43 
44 
45 
40 
47 
48 
49 
50 

51 
62 
53 
54 
55 
50 
57 
58 
59 
60 


100« 


9.230670 
.240386 
.241101 
.241814 
.242526 
.243237 
.243947 
.244656 
.245363 
.246069 
.246775 

9.247478 
.24818W 
.248883 
.249583 
.250282 
.250980 
.251677 
.262373 
.258067 
.253761 

9.254458 
.255144 
.253834 
.256528 

.257211 
.25781)8 
.258583 
.259268 
.259951 
.260633 

9.261814 
.261994 
.262673 
.263351 
. 2^4027 
.264703 
.265377 
.266061 
.266723 
.267895 

9.268065 
.268734 
.269402 
.270069 
.270735 
.271400 
.272064 
.272726 
.273388 
.274049 

9.274708 
.275367 
.276025 
.276681 
.277887 
.277991 
.278645 
.279297 
.279948 

9.280599 


D.  r. 


11.93 

11.92 
11.88 
11.87 
11.85 
11.83 
11.82 
11.78 
11.77 
11.77 
11.72 

11.72 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
11.57 
11.57 
11.53 

11.52 
11.50 
11.48 
11.47 
11.45 
•11.42 
11.42 
11.38 
11.87 
11.85 

11.83 
11.32 
11.80 
11.27 
11.27 
11.28 
11.23 
11.20 
11.20 
11.17 

11.15 
11.18 
11.12 
11.10 
11.08 
11.07 
11.08 
11.08 
11.02 
10  98 

10.98 
10.97 
10.98 
10.98 
10.90 
10.90 
10.87 
10.85 
10.85 


Cosine. 


9.993361 
.993329 
.998^ 
.993284 
.993262 
.993240 
.993217 
.993195 
.993172 
.993149 
.993127 

9.993104 
.993081 
.993059 
.993036 
.993013 
.992990 
.992967 
.992944 
.992921 
.992898 

9.992875 
.992852 
.992829 
.992806 
.992783 
.992759 
.992736 
.992713 
.992690 
.992666 

9.992643 
.992619 
.992596 
.992572 
.992549 
.992525 
.992501 
.992478 
.992454 
.992430 

9.992406 
.992382 
.992859 
.992335 
.992311 
.992287 
.992263 
.992239 
.992214 
.992190 

9.992166 
.992142 
.992118 
.992093 
.992069 
.992044 
.992020 
.991996 
.991971 

9.991947 


D.  r. 


.37 
.37 
.38 
.37 
.37 
.88 
.37 
.38 
.38 
.37 
.38 

.88 
.37 

.38 
.38 
.38 
.38 
.88 
.38 
.38 
.38 

.88 
.38 
.38 
.38 
.40 
.38 
.38 
.38 
.40 
.38 

.40 
.88 

.40 
.38 
.40 
.40 
.38 
.40 
.40 
.40 

.40 
.38 
.40 
.40 
.40 
.40 
.40 
.42 
.40 
.40 

.40 
.40 
.42 
.40 
.42 
.40 
.40 
.42 
.40 


Cosine.  I  D.  1".   1 1     Sine.     I  D.  l".  I 


Tang. 


9.246319 
.247057 
.247794 
.248530 
.249264 
.249998 
.250730 
.251461 
.252191 
.252920 
.253648 

9.254374 
.255100 
.255824 
.256547 
.257269 
.257990 
.258710 
.259429 
.260146 
.260868 

9.261578 
.262292 
.268005 
.263717 
.264428 
.265138 
.265847 
.266555 
.267261 
.267967 

9.268671 
.269375 
.270077 
.270779 
.271479 
.272178 
.272876 
.273573 
.274269 
.274964 

9.275658 
.276351 
.277043 
.277784 
.278424 
.279113 
.279801 
.280488 
.281174 
.281858 

9.282542 
.283225 
.283907 
.284588 
.285268 
.285947 
.286624 
.287301 
.287977 

9.288052 


Cotang, 


D.  r. 


12.80 
12.28 
12.27 
12.23 
12.23 
12.20 
12.18 
12.17 
12.15 
12.13 
12.10 

12.10 
12.07 
12.05 
12.03 
12.02 
12.00 
11.98 
11.95 
11.95 
11.92 

11.90 
11.88 
11.87 
11.85 
11.83 
11.82 
11.80 
11.77 
11.77 
11.73 

11.73 
11.70 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
11.58 
11.57 

11.55 
11.53 
11.52 
11.50 
31.48 
11.47 
11.45 
11.43 
11.40 
11.40 

11.38 
11.37 
11.35 
11.83 
11.82 
11.28 
11.28 
11.27 
11.25 


Cotang. 


10.768681 

60 

.752943 

59 

.752206 

58 

.751470 

57 

.750736 

56 

.750002 

55 

.749270 

54 

.748539 

63 

.747809 

52 

.747080 

51 

.746352 

50 

10.745626 

49 

.744900 

U8 

.744176 

47 

.748453 

46 

.742781 

45 

.742010 

44 

.741290 

43 

.740571 

42 

.739854 

41 

.739137 

40 

10.738422 

89 

.787708 

88 

.736995 

87 

.738288 

36 

.785572 

35 

.734802 

34 

.734153 

33 

.733446 

32 

.732739 

31 

.732083 

30 

10.781329 

29 

.730625 

28 

.729923 

27 

.729221 

26 

.?.«521 

25 

.727822 

24 

.727124 

23 

.726427 

22 

.725731 

21 

.725086 

20 

10.724342 

19 

.723649 

18 

.  n>2057 

17 

.722266 

16 

.721576 

15 

.720887 

14 

.720199 

13 

.719512 

12 

.718826 

11 

.718142 

10 

10.717458 

9 

.716775 

8 

.716093 

7 

.715412 

6 

.714732 

5 

?1405;i 

4 

.713376 

3 

.712(599 

2 

.712023 

1 

10.711348 

0 

D.  1'.   I      Tang. 


I369] 


79J 


Ll« 


TABLE  XXV. -LOGARITHMIC  BINES, 


168' 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


51 
ryZ 
53 
54 
55 
56 
57 
58 
69 
60 


9.280590 

.281t^ 
.281897 
.282544 
.283190 
.283836 
.284480 
.285124 
.285766 
.286408 
.287048 


D.  1' 


11 

9.287688 

12 

.288326 

13 

.288964 

14 

.289600 

15 

.290236 

16 

.290870 

17 

.291504 

18 

.292137 

19 

.292768 

20 

.293399 

21 

9.2M)29 

22 

.2W658 

23 

.295286 

24 

.295913 

25 

.296539 

2o 

.2971(;4 

27 

.297788 

28 

.29^412 

29 

.299034 

30 

.299655 

31 

9.3002;'6 

32 

.300805 

33 

.301514 

ai 

.302132 

35 

.302748 

3(5 

.303364 

37 

.3039';  9 

38 

.304598 

39 

.305^307 

40 

.305819 

41 

9.306430 

42 

.307041 

43 

.307650 

44 

.308259 

45 

.308867 

46 

.309474 

47 

.310080 

4S 

.310685 

49 

.311289 

50 

.311893 

9.312495 
.313097 
.313698 
.314297 
.314897 
.315495 
.316092 
.316689 
.317284 

9.317879 


10.82 
10.82 
10.78 
10.77 
10.77 
10.73 
10.73 
10.70 
10.70 
10.67 
10.67 

10.63 
10.63 
10.60 
10.60 
10.57 
10.57 
10.55 
10.52 
10.52 
10.50 

10.48 
10.47 
10.45 
10.43 
10.42 
10.40 
10.40 
10.37 
10.35 
10.35 

10.32 
10.32 
10.30 
10.27 
10.27 
10.25 
10.23 
10.23 
10.20 
10.18 

10.18 
10.15 
10.15 
10.13 
10.12 
10.10 
10.08 
10.07 
10.07 
10.03 

10.03 
10.02 
9.98 
10.00 
9.97 
9.95 
9.95 
9.92 
9.92 


Cosine. 


D.  r. 


Cosine.  I  D.  r 


9.991&47 
.991922 
.991897 
.991873 
.991848 
.991823 
.991799 
.991774 
.991749 
.991724 
.991699 

9.991674 
.991649 
.991621 
.991599 
.991574 
.991549 
.991524 
.991498 
.991473 
.991448 

9.991422 
.991397 
.991372 
.991*46 
.991321 
.991295 
.m)1270 
.991244 
.991218 
.991193 

9.991167 
.991141 
.991115 
.991090 
.991064 
.991038 
.991012 
.99(-986 
.990960 
.990934 

9.990908 
.990882 
.990a55 
.990829 
.990803 
.9fK)777 

.mmw 

.990724 
.91WG97 
.990071 

9.990645 
.990618 
.990591 
.9(K3565 
.990538 
.990511 
.990485 
.990458 
.990431 

9.990404 


.42 
.42 
.40 
.42 
.42 
.40 
.42 
.42 
.42 
.42 
.42 

.42 
.42 
.42 
.42 
.42 
.42 
.43 
.42 
.42 
.43 

.42 
.42 
.43 
.42 
.43 
.42 
.43 
.43 
.42 
.43 

.43 
.43 
.42 
.43 
.43 
.43 
.43 
.43 
.43 
.43 

.43 
.45 
.43 
.43 
.43 
.45 
.43 
.45 
.43 
.43 

.45 
.45 
.43 
.45 
.45 
.43 
.45 
.45 
.45 


Taog. 


D.  r. 


9.288652 
.289326 
.289999 
.290671 
.291342 
.292013 
.292682 
.29:«50 
.294017 
.21^46^4 
.295349 

9.296013 
.2J)6677 
.297*39 
.298001 
.298662 
.299322 
.299980 
.300638 
.;J01295 
.301951 

9.302607 
.303261 
.303914 
.304567 
.305218 
.305869 
.306519 
.3071(58 
.807816 
.808463 

9.809109 
.309754 
.310399 
.311042 
.811685 
.312827 
.3129(>8 
.813608 
.814^7 
.314885 

9.315523 
.316159 
.316795 
.817430 
.318064 
.318697 
319330 
.81{)961 
.820592 
.821222 

9.821851 
.32SJ479 
.323106 
.323733 
.324358 
.324983 
.325007 
.320231 
.326^53 

9.. 327475 


Cotang. 


11.23 

11.22 
11.20 
11.18 
11.18 
11.15 
11.13 
11.12 
11.12 
11.08 
11.07 

11.07 
11.03 
11.03 
11.02 
11.00 
10.97 
10.97 
10.95 
10.9:^ 
10.93 

10.90 
10.88 
10.88 
10.85 
10.85 
10.83 
10.82 
10.80 
10.78 
10.77 

10.75 
10.75 
10.72 
10.72 
10.70 
10.68 
10.67 
10.65 
10.63 
10.68 

10.60 
10.60 
10.58 
10.57 
10.55 
10.55 
10.52 
10.52 
10.60 
10.48 

10.47 
10.45 
10.45 
10.42 
10.42 
10.40 
10.40 
10.37 
10.37 


10.711348 
.710674 
.710001 
.709329 
.708658 
.707987 
.707318 
.706650 
.705983 
.705316 
.704651 

10.708987 
,  .703323 
.702661 
.701999 
.701388 
.70067B 
.700020 
.699362 
.698705 
.698049 

10.697393 
.696739 
.696086 
.695433 
.6W782 
.694131 
.698481 
.692832 
.692184 
.691537 

10.690891 
.690246 
.689601 
.6889581 
.6883151 
.687673 
.687032 
.686392 
.685753 
.685115 

10.684477 
.683&41 
.683205 
.682670 
.681936 


r 


.680670 
.680089 
.679408 


10.678140 
.677521 
.676894 
.676267 
.675642  I 
.675017  . 
.674393  I 
.673769  ' 
.6^147 

10.672525  , 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 

38 

37 

36 

35 

34 

33 

32  ; 

31 

30 

29 
28 
27 
^ 
25 
24 
23 
^ 
21 
20 

19 
18 
17 
16 
15 


.681303  14 


13 
12 
11 


.678778  1  10 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Sine.  I  D.  1'.  |i  Cotang.  I  D.  1" 


Tang. 


01' 


[370] 


78« 


12' 


COSINES,  TANGENTS,  AND  COTANGENTS. 


167- 


Sine. 


0 
1 
2 

8 
4 
5 
6 

7  i 

8  1 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
.33 
31 
35 
36 
37 
38 
39 
40 

41 
42 

43 
41 
45 
46 
47 
48 
49 
50 

51 
52 
.53 
54 
55 
56 
57 
.58 
59 
GO 


D.  r. 


Cosine.     D.  1". 


9. 81 7879 
.318173 
.319066 
.319658 

.820249 
.320840 
.321430 
.322019 
.322607 
.323194 
.323780 

0.324366 
.324950 
.325534 
.326117 
.326700 
.327281 
.327862 
.328442 
.329021 
.329599 

9.330176 
.•J30753 
.331329 
.331903 

.333051 
.333624 
.334195 
.334767 
.335337 

0.335906 
.336475 
.337013 
.a37610 
.338176 
.aS8742 
.339307 
.339871 
.810134 
.310996 

9.341568 
.312119 
.342679 
.313239 
.343797 
.314355 
.311912 
.345469 
.346024 
.346579 

9.847134 
.347687 
.348240 
.848792 
.849313 
.349893 
.350443 
.a50992 
.a51540 

9.852088 


9.00 
9.88 
9.87 
9.85 
9.85 
9.83 
9.82 
9.80 
9.78 
9.77 
9.77 

0.73 
9.73 
0.72 
9.72 
9.08 
9.68 
9.67 
9.05 
9.63 
9.62 

0.62 
0.60 
0.57 
9.58 
9.55 
9.55 
9.52 
9.53 
9.50 
9.48 

9.48 
9.47 
9.45 
9.43 
9.43 
9.42 
9.40 
9.38 
9.37 
0.37 

9.35 
9.33 
9.83 
0.30 

o.:w 

9.28 
0.28 
0.25 
0.25 
9.25 

9.22 

9.22 
9.20 
0.18 
9.17 
9.17 
0.15 
0.13 
0.13 


0.0904O1 
.990378 
.990351 
.990324 
.99029? 
.990270 
.990243 
.990215 
.990188 
.990161 
.9901^ 

9.990107 
.900079 
.01K)052 
.900025 
.080097 
.980070 
.089942 
.089915 
.989887 
.989860 

9.989832 
.989804 
.989777 
.089749 
.989721 
.989693 
.080665 
.089637 
.989610 
.089582 

9.989553 
.989525 
.989497 
.989469 
.989441 
.1»89413 
.989385 
.989356 
.989328 
.989300 

9.989271 
.983243 
.989214 
.989186 
.989157 
.989128 
.989100 
.989071 
.980042 
.080014 

0.088985 
.988956 
.988927 
.988898 
.988869 
.988810 
.988811 
.988782 
.988753 

9.988724 


.43 
.45 
.45 
.45 
.45 
.45 
.47 
.45 
.45 
.45 
.45 

.47 
.45 
.45 
.47 
.45 
.47 
.45 
.47 
.45 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.45 
.47 
.48 

.47 
.47 

.47 
.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 

.48 
.48 
.48 
.48 
.48 
.48 
.48 


Tang. 


9.327475 
.328095 
.328715 
.329334 
.32995:5 
.330570 
.331187 
.331803 
.332418 
.3:$i033 
.333646 

9.3J4259 
.334871 
.3^5482 
.3156093 
.336702 
.337311 
.337919 
.338527 
.339133 
.339789 

9.340344 
.3405)48 
.341552 
.342155 
.342757 
.343:558 
.343958 
.314558 
.345157 
.345755 

0.346353 
.346040 
.347545 
.348141 
.348735 
.340:529 
.349922 
.a50514 
.351106 
.351697 


9.352287 
.a52876 
.3.5:5465 
.:i54a53 
.aVKWO 
.355227 
.35.5813 
.356:598 
.35(5982 
.357566 

9.358149 
.358731 

.mmn 

.359893 
.360474 
.361053 
.361(532 
.:562210 
.3(52787 
9.30aS64 


j     '    I   Cosine.  I  D.  r.  Ii     Sine,     I  D.  1'.  h  Cotang. 


D.  1'. 


10.38 
10.  a5 
10.32 
10.32 
10.28 
10.28 
10.27 
10.25 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.08 

10.07 

10.07 

10.05 

10.03 

10.02 

10.00 

10.00 

9.98 

9.97 

9.97 

9.93 
9.93 
9.93 
9.90 
9.90 
9.88 
9.87 
9.87 
9.85 
9.83 

9.82 
9.82 
9.80 
9.78 
9.78 
9.77 
9.75 
9.73 
9.73 
9.72 

9.70 
9.70 
9.67 
9.68 
9.65 
9.&5 
9.63 
9.62 
9.62 


102< 


B.V. 


[371] 


Cotang. 

/ 

10.672525 

60 

.671905 

59 

.671285 

58 

.670666 

57 

.670047 

56 

.669430 

55 

.668813 

54 

.668197 

53 

.667582 

52 

.66(5967 

51 

.666354 

50 

10.665741 

49 

.665129 

48 

.664518 

47 

.663907 

46 

.663298 

45 

.662689 

44 

.662081 

48 

.661473 

42 

.660867 

41 

.660261 

40 

10.659656 

39 

.65{K)52 

38 

.658448 

37 

.657845 

36 

.657243 

35 

.65(i642 

34 

.656012 

33 

.655442 

32 

.654843 

31 

.654245 

30 

10.653647 

£9 

.653051 

28 

.652455 

27 

.651859 

26 

.651265 

25 

.650671 

24 

.650078 

23 

.619486 

22 

.648894 

21 

.618303 

20 

•   10.647713 

19 

.647124 

18 

.(^6535 

17 

.645947 

16 

.645360 

15 

1   .641773 

14 

.644187 

13 

1   .648602 

12 

1   .643018 

11 

.642434 

10 

10.641851 

9 

.641269 

8 

.640687 

7 

.640107 

6 

.639526 

5 

.638947 

4 

.638368 

3 

.637790 

2 

.637213 

1 

'  10.636636 

r 

!  Tang. 

TABLE  XXV.— LOGARITHMIC  SINES, 


lee*' 


0 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
83 
34 
a5 
36 
37 
38 
39 
40 

41 
42 
43 

44 
45 
40 
47 
48 
49 
50 

51 
52 
53 
54 
55 
50 
57 
58 
59 
"0 


9.360088 
.352635 
.353181 
.353726 
.a54271 
.354815 
.355358 
.355901 
.356443 
.35696^ 
.357524 

9.3580&i 
.358603 
.359141 
.359678 
.360215 
.360752 
.361287 
.361822 
.362356 
.362889 


9 


363422 

.363954 
.364485 
.365016 
.365546 
.366075 
.366604 
.367131 
.367659 
.  .368186 

9.368711 
.369236 
.369761 
.370285 
.370808 
.37ia30 
.371852 
.372373 
.372894 
.373414 

9.373933 
.374462 
.374970 
.375487 
.376003 
.376519 
.377085 
.377549 
.378063 
.378577 

9-379089 
.379601 
.380113 
.380624 
.381134 
.381643 
.382152 
.382661 
.383168 

9.383675 

Cosine. 


9.12 
9.10 
9.08 
9.08 
9.07 
9.05 
9. 05 
9.03 
9.02 
9.00 
9.00 

8.9B 
8.97 
8.95 
8.95 
8.95 
8.92 
8.92 
8.90 
8.88 
8.88 

8.87 
8.85 
8.85 
8.83 
8.82 
8.82 
8.78 
8.80 
8.77 
8.77 

8.75 
8.75 
8.72 
8.72 
8.70 
8.70 
8.68 
8.68 
8.67 
8.65 

8.65 
8.63 
8.62 
8.60 
8.60 
8.60 
8.57 
8.57 
8.57 
8.53 

8.53 
8.53 
8.52 
8.50 
8.48 
8.48 
8.48 
8.45 
8.45 


D.  r. 


[372] 


Ckwine. 


9.9687^ 

.988695 

.988686 
.yHoouT 
.988578 
.988548 
.988519 
.98^189 
.988460 
.98^130 

9.988401 
.988371 
.988342 

.988312 
.988282 
.988252 
.988223 
.988193 
.988163 
.988133 

9.988103 
.988073 
.988043 
.988013 
.987983 
.987953 
.987922 
.987892 
.987862 
.987832 

9.987801 
.987771 
.987740 
.987710 
.987679 
.967649 
.987618 
.987588 
.987557 
.987526 

9.987496 
.987465 
.987434 
.987403 
.987372 
.987341 
.987310 
.987279 
.987248 
.987217 

9.987186 
.987155 
.987124 
.987092 
.987061 
.987030 
.986998 
.986967 
.986936 

9.986904 

Sine. 


D.  V.        Tang. 


.48 

.48 

.50 

.48 

.48 

.50 

.48  ' 

.50 

.48 

.50  , 

.48  , 

.60 

.48 
.50  I 
.60  ; 
.60 
.48 
.60  I 
.50  I 
.50  I 
.60  ! 

.50 
.50 
.50 
.50 
.60 
.52 
.50 
.50 
.50 
.52 

.50 
.52 
.50 
.52 
.50 
.52 
.60 
.52 
.52 
.60 

.52 
.52 
.52 
.62 
.52 
.52 
.62 
.52 
.52 
.62 

.52 
.62 
.53 
.62 
.52 
.53 
.52 
.52 
.53 

D.  1". 


D.  1'. 


9.363354 

.363940 
.3t>J515 
.365090 
.3656^4 
.366287 
.366810 
.867882 
.867953 
.368524 
.369004 

9.369668 
.870232 
.870799 
.371367 
.871933 
.872499 
.378064 
.373629 
.874193 
.374756 

9.876319 
.875881 
.376442 
.877003 
.377563 
.378122 
.878681 
.879239 
.879797 
.380354 

9.380910 
.881466 
.382020 
.882575 
.883129 
.388682 
.384234 
.884786 
.386337 
.885888 

9.886488 
.886987 
.387536 
.888084 
.888631 
.889178 
.389724 
.390270 
.890815 
.391360 

9.891903 
.392447 
.892989 
.393531 
.894073 
.894614 
.395154 
.395694 
.396233 
396771 


9 


!  CotanfiT. 


9.60 
9.58 
9.68 
9.57 
9.65 
9  55 
9.53 
9.52 
9.52 
9  50 
9.48 

9.48 
9.45 
9.47 
9.43 
9.43 
9.42 
9.42 
9.40 
9.38 
9.88 

9.87 
9.85 
9.35 
9.88 
9.82 
9.82 
9.80 
9.80 
9.28 
9.27 

9.27 
9.23 
9.25 
9.23 
9.22 
9.20 
9.20 
9.18 
9.18 
9.17 

9.15 
9.15 
9.13 
9.12 
9.12 
9.10 
9.10 
9.08 
9.08 
9.05 

9.07 
9.03 
9.08 
9.08 
9.02 
9.00 
9.00 
8.98 
8.97 

D.  1'. 


Cotang. 


10.6S66S6  GO 

.636060  59 

.635485  58 

.634910  57 

.684836  56 

.688763  55 

.688190  54 

.682618  53 

.632047  52 

.681476  51 

.680906  50 


10.630837 
.629768 
.629201 
.626683 
.628067 
.627501 
.626936 
.626371 
.625807 
.625244 

10.624681 
.624119 
.623568 
.622997 
.62^37 
.621878 
.621819 
.620761 
.620208 
.619646 

10.619090 
.618534 
.617980 
.617425 
.616871 
.616318 
.615766 
.615214 
.614663 
.614112 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
85 
84 
33 
82 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


10.618662  19 
.613013  18 
.612464  \  17 
.611916  16 
.611869  15 
.610822  :  14 
.610276  13 
.609780  12 
.609185  11 
.608640 


10.608097 
.607653 
.607011 
.606469 
.606927  I 
.605386 
.604846 
.604806  I 
.606767  I 

10.608229 

Tang.  I 


10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


76" 


14« 


COSINES,  TANGENTS,  AND  COTANGENTS. 


165' 


Sine. 


0 

1 

3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
16 
16 
17 
18 
10 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
32 
33 
34 
35 
36 
37 
38 
89 
40 

41 
42 
43 
44 

45 
46 
47 
48 
49 
50 

61 

52 
53 
64 
65 
56 
57 
58 
59 
60 

/  m 

w 

idf" 


9.98S675 

.884182 
.384687 
.386192 
.386697 
.386201 
.886704 
.387207 
.387709 
.388210 
.388711 

9.889211 
.389711 
.390210 
.390708 
.391206 
.891708 
.892199 
.892695 
.393191 
.393685 

9.394179 

.394673 
.895166 
.396658 
.396150 
.896641 
.397132 
.397621 
.398111 
.398600 

9.399088 
.399575 
.400062 
.400649 
.401035 
.401520 
.402005 
.402489 
.40297^ 
.403455 

9.408938 
.404420 
.404901 
.406882 
.406862 
.406341 
.406820 
.407299 
.407777 
.406254 

9.4067^- 
.409207 
.409682 
.410157 
.410632 
.411106 
.411679 
.412052 
.412624 

9.412996 


D.  1- 


Cosine. 


8.45 
8.42 
8.42 
8.42 
8.40 
8.88 
8.38 
8.37 
8.35 
8.35 
8.83 

8.83 

8.82 
8.80 
8.30 
8.28 
8.27 
8.27 
8.27 
8.23 
8.23 

8.23 

8.22 
8.20 
8.20 
8.18 
8.18 
8.15 
8.17 
8.15 
8.13 

8.12 
8.12 
8.12 
8.10 
8.08 
8.08 
8.07 
8.05 
8.05 
8.05 

8.03 
8.02 
8.02 
8.00 
7.98 
7.98 
7.98 
7.97 
7.95 
7.95 

7.98 
93 
92 
92 

90 
88 
88 
87 


7 
7 

7 
7 
7 
7 
7, 
7.87 


D.  1'. 


Cosine. 


D.  1'. 


9 


9 


9 


9 


9 


9 


986904 
986873 
986841 
966809 
986778 
986746 
986714 
986683 
986651 
986619 
986587 

966555 
986523 
986491 
986459 
986427 
986395 
986363 
966331 
966299 
986266 

986234 
986202 
986169 
986137 
966104 
966072 
986039 
986007 
985974 
985942 

965909 
985876 
985843 
985811 
985778 
985745 
985712 
985679 
985&16 
985613 

985580 
985547 
9S5514 
985480 
985447 
985414 
985381 
985347 
985314 
965280 

985247 
985213 
965180 
985146 
985113 
965079 
965045 
965011 
984978 
084944 


62 
53 
53 
52 
53 
53 
52 
53 
53 
53 
63 

53 
53 
53 
53 
53 
53 
53 
53 
55 
53 

53 
55 
53 
55 
53 
55 
53 
65 
53 
55 

55 
55 
53 
55 
55 
5'i 
55 
55 
55 
55 

55 
65 
57 
65 
55 
55 
67 
55 
67 
55 

67 
55 
67 
55 
67 
57 
57 
55 
57 


Tang. 


9.396771 
397309 
397846 
396383 
398919 
399455 
399990 
400524 
401058 
401591 
402124 


9 


9 


9 


9 


9 


402650 
403187 
403718 
404249 
404778 
405306 
40583G 
406364 
406892 
407419 

407945 
408471 
408996 
409521 
410045 
4lT)569 
411092 
411615 
412137 
412658 

413179 
413699 
414219 
414738 
415257 
415775 
416293 
416810 
417326 
417842 

418358 
418873 
419387 
419901 
420415 
420927 
421440 
421952 
422463 
422974 

423484 
423993 
424503 
425011 
425519 
426027 
426534 
427041 
427547 
428052 


IX  r. 


Cotang. 


8.97 
8.95 
8.95 
8.93 
8.93 
8.92 
8.90 
8.90 
8.88 
8.88 
8.87 

8.85 
8.86 
8.85 
8.82 
8.83 
8.80 
8.80 
8.80 
8.78 
8.77 

8.77 
8.75 
8.75 
8.73 
8.73 
8.72 
8.72 
8.70 
8.68 
8.68 

8.67 
8.67 
8.65 
8.65 
8.63 
8.63 
8.62 
8.60 
8.60 
8.60 

8.58 
8.57 
8.57 
8.57 
8.55 
8.55 
8.53 
8.52 
8.52 
8.50 

8.48 
8.50 
8.47 
8.47 
8.47 
8.45 
8.45 
8.43 
8.42 


10.603229 
.602691 
.602154 
.601617 
.601081 
.600545 
.600010 
.599476 
.598942 
.598409 
.597876 

10.597344 
.596813 
.596282 
.595751 
.595222 
.594692 
.5941&1 
.593636 
.593108 
.592681 

10.592055 
.591529 
.591004 
.590479  ■ 
.589955 
.589431 
.588908 
.588385 
.58786:3 
.587342 

10.586821 
.586301 
.585781 
.585262 
.5S4743 
.5ft4225 
.5837107 
.583190 
.582674 
.582158 

10.581642 
.581127 
.580613 
.580099 
.579585 
.579073 
.578660 
.578048 
.577537 
.577026 

10.576516 
.576007 
.5TM97 
.574989 
.£fr4481 
.573973 
.573466 
.572959 
.672453 

10.571948 


60 
59 
58 
67 
56 
55 
54 
53 
52 
51 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

30 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Sine. 


D.  r.  ;l  Cotang.  I   D.  1'.  I      Tang. 

[373] 


16* 


STABLE  XrV.— Tr»riABTTHMIO  f?IVES, 


ie¥ 


Sine. 


0 
1 
2 
3 
4 
5 
C 

r» 

8 

9 

10 

11 
12 
13 
14 
15 
IC 
17 
18 
19 
20 

21 
22 
23 

25 

2() 
27 
28 
29 
30 

31 
32 

as 
ai 

35 
36 
37 

38 
39 
40 

41 
42 
43 
44 
45 
4(3 
47 
48 
49 
50 

51 
52 
53 
54 
65 
56 
57 
58 
59 
60 


D.  r. 


9.412996 
.413467 
.413938 
.414406 
.414878 
.415*47 
.415815 
.416283 
.416751 
.417217 
.417684 

9.418150 
.418615 
.419079 
.419&44 
.420007 
.420470 
.4209^3 
.421395 
.421857 
.422318 

9.422778 
.423238 
.423697 
.424156 
.424615 
.425073 
.4255:30 
425987 
.42(M43 
.42«J899 

9.427354 

.427809 
.4282(}3 
.428717 
.429170 
.429623 
.430075 
.430527 
.4309';-8 
.431429 

9.431879 
.4132329 
.432778 
.433226 
.433075 
.4*4122 
.4.14569 
.4:35016 
.4;»402 
.435908 

9.436353 
.436798 
.437242 
.437^86 
.438129 
.438572 
.430014 
.439456 
.439897 

9.44a338 


7.85 
7.85 
7.83 
7.83 
7.82 
7.80 
7.80 
7.80 
7.77 
7.78 
7.77 


7. 
7. 
7. 
7. 
7. 
7. 
7. 
7, 


75 
73 
75 
72 
72 
72 
70 
70 
7.68 
7.67 

7.67 
7.65 
7.65 
7.65 
7.63 
7.62 
7.62 
7.60 
7.60 
7.58 

7.58 
7.57 
7.57 
7.55 
7.55 
7.53 
7.53 
7.52 
7.52 
SO 

,50 
,48 
,47 
.48 
45 
45 
45 
43 
43 
42 


7.42 

7.40 


40 
38 
38 
37 
37 

a5 

7.35 


7, 
7. 
7, 

r» 
i  . 

7. 
7. 


CcMrine. 


D.  r. 


9.964044 
.984910 
.«M876 
.984S42 
.9t^4808 
.984774 
.984740 
.984706 
.984672 
.9(^4638 
.9&4603 

9.964569 
.984535 
.984500 
.984466 
.964432 
.981897 
.984363 
.984328 
.9842^4 
.984259 

9.964224 
.984190 
.984155 
.984120 
.984065 
.984050 
.984015 
.963981 
.963946 
.983911 

9.983875 
.983840 
.983805 
.983770 
.983735 
.983700 
.983664 
.983629 
.98a594 
.983558 

9.983523 

.9SM87 
.983452 
.983416 
.983381 
.963345 
.983309 
.983273 
.983238 
.983202 

9.963166 
.983130 
.983094 
.963058 
.983022 
.982986 
.982950 
.982914 
.982878 

9.982842 


.67 
.67 
.67 
.67 
.67 
.57 
.57 
.57 
.57 
.58 
.57 

.57 
.58 
.57 
.67 
.68 
.57 
.58 
.57 
.58 
.68 

.57 
.58 
.58 
.68 
.58 
.58 
.57 
.68 
.68 
.60 

.58 
.68 
.58 
.58 
.68 
.60 
.58 
.58 
.60 
.68 

.60 

.68 
.60 
.58 
.60 
.60 
.60 
.58 
.60 
.60 

.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 


Tang. 


9  428062 
.428558 
.429062 
.429566 
.430070 
.430673 
.431075 
.431577 
.432079 
.432580 
.439060 

9.433680 
.434060 
.434579 
.435078 
.435576 
.436073 
.436570 
.437067 
.437663 
.438059 

9.438554 
.439048 
.439543 
.440086 
.440529 
.441022 
.441514 
.442006 
.442497 
.442988 

9.443479 
.443968 
.444458 
.444947 
.445435 
.445923 
.446411 
.446898 
.447384 
.447870 

9.448356 
.448841 
.449326 
.449610 
.450294 
.450777 
.451260 
.4.51743 
.452225 
.452706 

9.453187 
.453668 
.454148 
.454628 
.455107 
.455586 
.456064 
.456542 
.457019 

9.457496 


D.I" 


8.43 
8.40 
8.40 
8.40 
8.38 
8.37 
8.87 
8.37 
8.35 
8.33 
8.83 

8.33 
8.32 
8.32 
8.30 
8.28 
8.28 
8.28 
8.27 
8.27 
8.25 

8.23 
8.25 
8.22 
8.22 
8.22 
8.20 
8.20 
8.18 
8.18 
8.18 

8.15 
8.17 
8.15 
8.18 
6.13 
8.13 
6.12 
8.10 
8.10 
8.10 

8.06 
8.08 
8.07 
8.07 
8.05 
8.05 
8.05 
8.03 
8.02 
8.02 

8.02 
8.00 
6.00 
7.98 
7.98 
7.97 
7.97 
7.95 
7.95 


Cotang. 


Cosine.  I  D.  1'.  1 1  Sine.  |  D.  1'.  I,  Cotang.  I  D.  1". 


.871948 

60 

.671442 

69 

.670988 

68 

.5704*4 

57 

.569980 

56 

.569427 

55 

.566925 

54 

.56^23 

53 

.567921 

52 

.567420 

51 

.566920 

50 

10.666420 
.565920 
.565421 
.564922 
.664424 
.663927 
.663480 
.5629a3 
.562487 
.661941 

10.661446 
.560952 
.560467 
.659964 
.6504n 
.568978 
.668486 
.557994 
.557503 
.557012 

10.556621 
.550082 
.555642 
.665053 
.654665 
.554(K7 
.653589 
.553102 
.662616 
.652130 

10.551644 
.561169 
.660674 
.560190 
.549706 
.549223 
.&48740 
.548257 
.547775 
.547294 

10.546813 
.546332 
.545852 
.54537« 
.544893 
.544414 
.543936 
.543458 
.542961 

10.542504 


!  19 
;  18 
17 
16 
15 
14 
18 
12 
11 
10 


Tang. 


[374] 


74« 


16- 


COSINES,  TANGENTS,  AND  COTANGENTS. 


168« 


Sine. 


9.440888 
.440778 
.441218 
.441658 
.449096 
.442585 
.442978 
.448410 
.443847 
.444284 
.444720 

9.445155 
.445590 
.446025 
.446459 
.446893 
.447326 
.447759 
.448191 
.448623 
.449054 

9.449485 
.449915 
.450345 
.450775 
.46J904 
.451632 
.452060 
.452488 
.452915 
.453342 

9.453768 
.454194 
.454619 
.456014 
.455469 
.4.%893 
.456316 
.456739 
.467162 
.457584 

9.458006 
.458427 
.458848 
.469268 
.469688 
.460108 
.460527 
.460946 
.461364 


51 

9.462199 

52 

.462616 

53 

.463032 

54 

.463418 

55 

.463864 

56 

.464279 

57 

.464694 

58 

.465108 

59 

.466522 

60 

9.466935 

/ 

Cosine. 

D.  r. 


.33 
.33 
.33 
.30 
.82 
.30 
.28 
.28 
.28 
7.27 
7.25 


7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 
7. 


7.25 
7.25 
7.23 
7.23 
7.22 
7.22 
7.20 
7.20 
7.18 
7.18 

7.17 
7.17 
7.17 
7.15 
7.13 
7.13 
7.13 
7.12 
7.12 
7.10 

7.10 
08 
08 
08 
07 
05 
05 
05 
7.03 
7.03 


7. 
7. 
7. 
7. 
7. 
7. 
7. 


,02 
.02 
,00 
,00 
00 


6.98 
6.98 
6.97 
6.97 
6.95 

6.95 
6.93 
6.93 
6.93 
6.92 
6.92 
6.90 
6.90 
6.88 


Cosine. 


D.  r. 


9.962842 
.982805 
.982769 
.982733 
.982696 
.982660 
.962624 
.982587 
.962551 
.982514 
.982477 

9.982441 
.982404 
.982367 
.982331 
.982294 
.962257 
.982220 
.982183 
.982146 
.982109 

9.982072 
.982035 
.981998 
.981961 
.981924 
.981886 
.981849 
.981812 
.981774 

. .981737 

9.981700 
.981662 
.981625 
.981587 
.981549 
.981512 
.981474 
.981430 
.981399 
.981361 

9.981323 
.981286 
.981247 
.981209 
.981171 
.981133 
.981095 
.981057 
.981019 
.980981 

9.980942 
.980904 

.980827 
.980789 
.980750 
.980712 
.980673 
.980635 
9.980596 


Sine. 


D.  1'. 


.62 
.60 
.60 
.62 
.60 
.60 
.62 
.60 
.62 
.62 
.60 

.62 
.62 
.60 
.62 
.62 
.62 
.62 
.62 
.62 
.62 

.62 
.62 
.62 
.62 
.63 
.62 
.62 
.68 
.62 
.62 

.63 
.62 
.63 
.63 
.62 
.63 
.63 
.62 
.63 
.63 

.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.65 

.63 
.63 
.65 
.63 
.65 
.63 
.65 
.63 
.65 


Tang. 


9.457496 
.467973 
.468449 
.458925 
.469400 
.469875 
.460349 
.460823 
.461297 
.461770 
.462242 

9.462716 
.463186 
.463668 
.464128 
.464699 
.465069 
.466539 
.466008 
.466477 
.466945 

9.467413 
.467880 
.4SSS47 
.468814 
.469280 
.469746 
.470211 
.470676 
.471141 
.471605 

9.472069 
.472582 
.472995 
.473457 
.473919 
.474381 
.474842 
.475303 
.4757(53 
.476223 

9.476683 
.477142 

.477601 
.478059 
.478517 
.478975 
.479432 
.479889 
.480345 
.480601 

9.481267 
.481712 
.482167 
.482621 
.483075 
.483529 
.483982 
.484435 
.484887 

9.485339 


D.  1'. 


7.96 
7.93 
93 
92 
92 
90 
90 
90 
88 
87 


7. 
7. 
7. 
7. 
7. 


7.86 
7.87 
7.88 
7.85 
7.83 
7.83 
7.82 
7.82 
7.80 
7.80 

7.78 
7.78 
7.78 
'.77 
.77 
.75 
75 
.75 
.73 
7.73 

7.72 
7.72 

7.70 
7.70 
7.70 
7.68 
7.68 
7.67 
7.67 
7.67 

7.66 
7.65 
7.63 
7.63 
7.63 
7.62 
7.62 
7.60 
7.60 
7.60 

7.68 
7.68 
7.57 
7.67 
7.67 
7.65 
7.55 
7.53 
7.53 


Cotang. 


10.623317 

.522858 
.622399 
.621941 
.521483 
.521025 
.520568 
.520111 
.519655 
.519199 

10.518743 
.518288 
.617833 
.617379 
.516925 
.516471 
.516018 
.615566 
.515113 

10.514661 


10.542504  60 

.542027  59 

.641661  58 
.541076  I  57 

.540600  56 

.540125  55 
.639661  I  54 

.639177  53 

.538703  52 

.638230  51 

.537758  50 

10.6372a5  49 

.536814  48 

.536842  47 

.635872  46 

.53&401  46 

.534931  44 

.534461  43 

.5339^)2  42 

.533523  41 

.533055  40 


10.532587 
.532120 
.631653 
.531186 
.630720  1  35 
.530264  '  34 
.629789 
.629324 
.628869 
.528395 


10.527931 

.527468 

.627006 

.626543 

.526081 

.525619 
.  .526158  i  23 

.524697  22 

.624237 

.528777 


39 
38 
37 
36 


33 
32 
31 
30 


29 
28 
27 
26 
25 
24 


21 
20 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


lOG' 


D.  1'.  II  Cotang.  I  D.  1".  I     Tang. 

[375] 


17* 


TABLE  y  .TV. -LOGARITHMIC  SINES, 


IW 


t 

Siae. 

0 

9.4659a5 

1 

.466348 

8 

.466761 

3 

.467173 

4 

.467585 

5 

.467996 

6 

.468407 

7 

.468817 

8 

.469227 

9 

.4()9637 

10 

.470046 

11 

9.470455 

Vi 

.47086;^ 

13 

.471271 

14 

.471679 

15 

.472086 

16 

.472492 

17 

.472898 

18 

.47*^04 

19 

.473710 

30 

.474115 

21 

9.474519 

«2 

.474923 

%^ 

.475327 

24 

.475730 

25 

.476133 

26 

.4765:^ 

27 

.476938 

28 

.477340 

29 

.477741 

30 

.478142 

31 

9.478542 

32 

.478tU2 

3:} 

.479;il2 

;u 

.479741 

a) 

.480140 

36 

.480539 

37 

.480937 

38 

.48ia34 

39 

.481731 

40 

.482128 

41 

9.482525 

42 

.482921 

43 

.483316 

4( 

.4*3712 

45 

.484107 

46 

.484501 

47 

.484895 

48 

.4H5289 

49 

.485682 

50 

.486075 

51 

9.486467 

52 

.486860 

53 

.487251 

54 

.487643 

55 

.488a34 

Wi 

.488424 

57 

.488814 

58 

.489204 

59 

.489593 

60 

9.489982 

D.  1'.  i'  Cosine. 


6.88 
6.88 
6.87 
6.87 
6.85 
6.85 
6.83 
6.88 
6.83 
6.82 
6.82 

6.80 
6.80 
6.80 
6.78 
6.77 
6.77 
6.77 
6.77 
6.75 
6.78 

6.78 
6.78 
6.72 
6.72 
6.7^ 
6.70 
6.70 
6.68 
6.68 
6.67 

6.67 
6.67 
6.65 
6.a5 
6.65 
6.63 
6.62 
6.62 
6.62 
6.62 

6.60 
6.58 
6.60 
6.58 
6.57 
6.57 
6.57 
6.55 
6.55 
6.53 

6.55 
6.52 
6.53 
6.52 
6.50 
6.50 
6.50 
6.48 
6.48 


Cccine.      D  1'. 


9.980606 

.980519 
.980480 
.980442 
.980403 
.9803^4 
.980325 
.980286 
.980247 
.980208 

9.980169 
.980180 
.980091 
.980052 
.980012 
.979973 
.979934 
.979895 
.979855 
.979816 

9.979776 
.979787 
.979697 
.979658 
.979618 
.979579 
.979539 
.97W99 
.979459 
.979420 

9.979380 
.979340 
.979300 
.979260 
.979220 
.979180 
.979140 
.979100 
.979«S9 
.979019 

9.978979 
.978939 
.978898 
.978858 
.978817 
.978777 
.978737 
.978696 
.978655 
.978615 

9.978574 
.978533 
.978493 
.978452 
.978411 
.978370 
978329 
.J)78288 
.9781^7 

9.OT8206 


D.  1'. 


.66 
.66 
.63 
.65 
.65 
.65 
.65 
.65 
.65 
.65 

.65 
.65 
.65 
.67 
.65 
.65 
.65 
.67 
.65 
.67 

.65 

.67 
.65 
.67 
.65 
.67 
.67 
.67 
.65 
.67 

.67 
.67 
.67 
.67 
.67 
.67 
.67 
.68 
.67 
.67 

.67 
.68 
.67 
.68 
.67 
.67 
.68 
.68 
.67 
.68 

.68 
.67 
.68 

.68 
.68 
.68 
.68 
.68 
.68 


Tang. 


D.  r. 


9.486889 
.485791 
.486242 
.486693 
.487143 
.487698 
.488043 
.488492 
.488941 
.489390 
.488888 

9.490286 
.4iW7S3 
.491180 
.491627 
.492073 
.492519 
.492965 
.493410 
.498854 
.4M299 

9.494743 
.495186 
.496680 
.496073 
.496516 
.496957 
.497899 
.497841 
.498282 
.496722 

9.499168 
.499603 
.500042 
.500481 
.500920 
.501859 
.501797 
.502285 
.502672 
.603109 

9.503646 
.503982 

.504418 
.504854 
.505289 
.505724 
.506159 
.506593 
.507027 
.507460 

9.507893 

.508326 
.508759 
.509191 
.509622 
.510054 
.510485 
.510916 
.511346 
9.511776 


Sine. 


D.  1'.  1 1  Cotang. 


68 
62 
62 
60 
60 
7.60 
7.48 
7.48 
7.48 
7.47 
7.47 

7.45 
7.46 
7.46 
7.43 
7.48 
7.48 
7.42 
7.40 
7.42 
7.40 

7.38 
7.40 
7.88 
7.87 
7.87 
7.87 
7.87 
7.85 
7.88 
7.85 

7.88 
7.82 
7.82 


7. 
7. 
7, 
7. 
7, 
7. 


80 
80 

28 
28 
28 


7.27 
7.27 
7.27 
7.25 
7.25 
7.25 
7.23 
7.23 
7,23 
7.22 


.22 
.22 

.20 
.18 
.20 
7.18 
7.18 
7.17 
7.17 


4 

7. 

7. 
7. 
7. 


Cotang. 


I 


10.614661  60 

.614209  59 

.513768  ,  68 

.513807  ;  57 

.612857  56 

.612407  i  55 

511967  54 


.511508 
.611069 
.610610 


10.496454 
.496018 
.495582 
.495146 
.494711 
.494276 
.498841 
.498407 
.492978 
.492540 

10.492107 
.491674 
.491241 
.490609 
.490878 
.489946 
.480515 
.489064 
.488654 

10.486224 


D.  r. 


Tang. 


58 
52 
61 


.610162  '  50 

10.609714  I  49 

.609267  I  48 

.508820  47 

.606873  46 

.607927  45 

.607481  44 

.607085  43 

.506590  42 

.506146  41 

.606701  40 

10.606857  39 

.504614  38 

.504870  87 

.508927  36 

.608485  35 

.608043  84 

.502601  83 

.602159  82 

.601718  81 

.601278  80 

10.500687  29 

.600397  ,  28 

.499958  27 

.499619  I  26 

.499060  25 

.496641  24 

.496203  23 

.497765  22 

.497328  21 

.496691  20 


19 

18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


170 


13767 


18- 


COSINES,  TANGENTS,  AND  COTANGENTS. 


161< 


Sine. 

0 

9.489982 

1 

.490871 

2 

.490759 

3 

.491147 

4 

.491535 

5 

.491922 

6 

.492308 

7 

.492695 

8 

.498081 

9 

.493466 

10 

.493851 

11 

9.494236 

12 

.494621 

13 

.495005 

14 

.496888 

15 

.496772 

16 

.496154 

17 

.496637 

18 

.496919 

19 

.497301 

20 

.497682 

21 

9.498064 

22 

.498444 

23 

.498825 

21 

.499204 

25 

.4995^4 

26 

.499963 

27 

.500342 

28 

.600721 

29 

.601099 

30 

.601476 

31 

9.601854 

32 

.602231 

33 

.602607 

84 

.602984 

36 

.603360 

36 

.608735 

87 

.604110 

38 

.604485 

39 

.604860 

40 

.606234 

41 

9.606608 

42 

.606981 

43 

.600354 

44 

.506727 

45 

.507099 

46 

.507471 

47 

.507848 

48 

.508214 

49 

.508585 

60 

.608956 

61 

9.609326 

62 

.609696 

58 

.610065 

54 

.510434 

55 

.610803 

56 

.611ira 

57 

.511540 

58 

.611907 

50 

.612275 

60 

9.512642 

Cosine. 


6.48 
6.47 
6.47 
6.47 
6.46 
6.43 
6.4o 
6.43 
6.42 
6.42 
6.42 

6.42 
6.40 
6.38 
6.40 
6.87 
6.38 
6.37 
6.37 
6.86 
6.85 

6.88 
6.35 
6.32 
6.88 
6.32 
6.82 
6.32 
6.80 
6.28 
6.80 

6.28 
6.27 
6.28 
6.27 
6.25 
6.25 
6.25 
6.25 
6.28 
6.28 

6.22 

6.22 
6.22 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 
6.17 

6.17 
6.16 
6.16 
6.16 
6.16 
6.18 
6.12 
6.13 
6.12 


D.  r. 


Cosine. 


9.978206 
.978165 
.978124 
.978083 
.97804v» 
.978001 
.977969 
.977918 
.977877 
.977885 
.977794 

9.977752 
.977711 
.977669 
.977628 
.977586 
.977544 
.977503 
.977461 
.977419 
.977377 

9.977335 
.977293 
.977251 
.977209 
.977167 
.977125 
.977083 
.977041 
.976999 
.976957 

9.976914 
.9768?2 
.976830 
.976787 
.976745 
.976702 
.976660 
.976617 
.976574 
.976582 

9.976189 
.970446 
.970404 
.976361 
.976318 
.970275 
.976232 
.976189 
.976146 
.976103 

9.976060 
.970017 
.975974 
.975930 
.975887 
.975844 
.975800 
.975757 
.975714 

9.975670 


D.  r. 


.68 
.68 
.68 
.68 
.68 
.70 
.68 
.68 
.70 
.68 
.70 

.68 
.70 
.68 
.70 
.70 
.68 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.72 

.70 
.70 
.72 
.70 
.72 
.70 
.72 
.72 
.70 
.72 

.72 
.70 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 

.72 
.72 
.73 
.72 
.72 
.73 
.72 
.72 
.78 


Tang. 


Sine.     I  D.  1" 


9.611776 
.512206 
.512635 
.518064 
.513493 
.513921 
.614849 
.514777 
.515204 
.515631 
.616067 

9.616484 
.616910 
.517385 
.517761 
.518186 
.518610 
.519034 
.619468 
.510882 
.620305 

9.620728 
.521151 
.521573 
.621995 
.522417 
.522838 
.523259 
.523680 
.524100 
.524520 

9.524940 
.525359 
.525778 
.526197 
.526615 
.527033 
.527461 
.627868 
.6282&5 
.628702 

9.629119 
.529535 
.529951 
.530366 
.580781 
.631196 
.581011 
.582025 
.682439 
.582863 

9.638266 
.533679 
.634092 
.634604 
.634916 
.585328 
.5a5739 
.536150 
.536561 

9.586972 


D.  r. 


Cotang. 


7.17 
7.15 
7.16 


16 
18 
18 
18 
12 
12 
7.10 
7.12 

7.10 


08 
10 
08 
07 
07 
07 
07 
05 
7.05 


7. 
7. 

7. 
7. 
7. 
7. 
7. 
7. 


05 
03 
03 
03 
02 
02 
02 
00 
7.00 
7.00 

6.98 
6.98 
6.98 
6.97 
6.97 
6.97 
6.95 
6  95 
6.95 
6.95 

6.93 
6.93 
6.92 
6.92 
6.92 
6.92 
6.90 
6.90 
6.90 
6.88 

6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.85 
6.85 
6.85 


lor 


Cotang.  I  D.  1'. 


[377] 


10.4882^ 

.487794 
.487365 
.480986 
.486607 
.486079 
.485651 
.485223 
.484796 
.484369 
.483943 

10.488516 
.483090 
.482665 
.482289 
.481814 
.481390 
.480966 
.480542 
.480118 
.479695 

10.479272 
.478840 
.478427 
.478005 
.477583 
.477162 
.476741 
.476320 
.475900 
.475480 

10.475060 
.474641 
.474222 
.4738aS 
.473385 
.472967 
.472649 
.4?2132 
.471715 
.471298 

10.470881 
.470465 
.470049 
.469634 
.469219 
.468804 
.468389 
.467975 
.467561 
.467147 

10.466734 
7466321 
.465908 
.465496 
.465084 
.404672 
.404261 
.463850 
.40^39 

10.463028 


60 

59 

58 

57 

56 

55 

54  ( 

53 

52 

51 

50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

2S 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


Tang. 


190 


TABLE  XXV. —LOGARITHMIC  SINES^ 


leiy 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
S 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
2d 

21 
22 
23 
24 
25 
20 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.512642 
.513009 
.513375 
.513741 
.514107 
.514472 
.514837 
.515202 
.515566 
.515930 
.516294 

9.516657 
.517020 
.517382 
.517746 
.518107 
.518468 
.518829 
.519190 
.519551 
.519911 

9.520271 
.520ft31 
.520990 
.521349 
.521707 
.522066 
.522424 
.522781 
.523138 
.523495 

9.523852 
.524208 
.524564 
.521920 
.525275 
.525630 
.525984 
.526339 
.5^^6()03 
.52^046 

9.527400 
.527753 
.528105 
.52^458 
.528810 
.529161 
.529513 
.529864 
.580215 
.530565 

9.630915 
.531265 
.531614 
.631963 
.532312 
.532661 
.533009 
.533a57 
.533704 

9.5af052 


D.  r. 


6.12 
6.10 
6.10 
6.10 
6.08 
6.08 
6.08 
6.07 
6.07 
6.07 
6.06 

6.06 
6.03 
6.06 
6.03 
6.02 
6.02 
6.02 
6.02 
6.00 
6.00 


Cosine. 


6.00 
5.98 
.So 
.97 
.ys 
.97 
.95 
.95 
.96 
.96 


5. 
5. 
5. 
5. 
5. 
5. 
5. 
5. 


6.93 
6.93 
5.93 
5.92 


5. 
5. 
5. 
5. 
5. 
5, 


92 
90 
92 
90 
88 
90 


5.88 
5.87 
5.88 
5.87 
5.86 
5.87 
5.86 
5.86 
5.83 
5.83 

5.83 
5.82 
5.82 
5.82 
5.82 
5.80 
5.80 
5.78 
5.80 


Cosine.  I  D.  1'. 


[378] 


9.976670 
.975627 
.975583 
.975639 
.975496 
.975462 
.977^406 
.976365 
.975821 
.975277 
.975233 

9.975189 
.975145 
.975101 
.975057 
.975013 
.974969 
.974925 
.974880 
.974836 
.974792 

9.974748 
.974703 
.974659 
.974614 
.974570 
.974525 
.974481 
.974436 
.974391 
.974347 

9.974302 
.974267 
.974212 
.974167 
.974122 
.974077 
.974032 
.973987 
.973942 
.973897 

9.973852 
.978807 
.973761 
.973716 
.97:3671 
.973625 
.973580 
.973535 
.973489 
.973444 

9.978898 
.973352 
.973307 
.973261 
.978215 
.978169 
.973124 
,978078 
.973032 

9.972986 


D.  r. 


.73 

.78 
.78 
.72 
.73 
.73 
.72 
.78 
.78 
.78 
.73 

.78 
.78 
.78 
.78 
.78 
.73 
.75 
.78 
.78 
.73 

.75 
.78 
.75 
.78 
.75 
.78 
.75 
.75 
.78 
.75 

.75 
.76 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 

.75 

.77 
.75 
.76 
.77 
.76 
.75 
.77 
.75 
.77 

.77 

.75 
.77 
.77 
.77 
.75 
.77 
.77 
.77 


Sine. 


D.  r. 


Tangr. 


9.586972 
.587882 
.687792 
.588202 
.638611 
.539020 
.589429 
.639687 
.640245 
.540653 
.541061 

9.541468 
.541875 


.548094 
.643499 
.643905 
.544310 
.M4715 
.546119 

9.546624 
.546928 
.546881 
.646735 
.647188 
.647640 
.647943 
.648846 
.648747 
.649149 

9.54dte0 
.649951 
.560852 
.650762 
.651163 
.561652 
.661962 
.552361 
.652750 
.563149 

9.568548 
.568946 
.554844 
.554741 
.555189 
.559686 
.555933 
.556829 
.656725 
.567121 

9.657517 
.567913 
.658806 
.658703 
.559097 
.659491 
.569885 
.560279 
.560673 

9.561066 


Cotang. 


D.  1'.   Cotang. 


6.88 
6.83 
6.88 
6.82 
6.82 
6.82 
6.80 
6.80 
6.80 
6.80 
6.78 

6.78 
6.77 
6.78 
6.77 
6.75 
6.77 
6.75 
6.76 
6.78 
6.75 

6.78 
6.72 
6.73 
6.72 
6.70 
6.73 
6.70 
6.70 
6.70 
6.66 

6.66 
6.68 
6.67 
6.68 
6.65 
6.67 
6.65 
6.66 
6.65 
6.65 

6.63 
6.63 
6.62 
6.63 
6.62 
6.62 
6.60 
6.60 
6.60 
6.60 

6.60 
6.68 
6.68 
6.57 
6.57 
6.57 
6.67 
6.57 
6.65 


D.  r. 


10.468028 
.462618 
.462208 
.461796 
.461889 
.460980 
.460671 
.460163 
.459755 
.469847 
.468939 

10.456682 
.458125 
.467719 
.467B12 
.466906 
.456601 
.456095 
.466600 
.466285 
.464861 

10.464476 
.464072 
.468669 
.468266 
.462862 
.462460 
.462057 
.451666 
.451258 
.450861 

10.450460 
.450049 
.449(M8 
.449248 
.446647 

.446048 
.447649 
.447260 
.446861 

10.446462 
.446064 
.445666 
.445260 
.444861 
4444A1 

.444067 
.443671 
.443275 
.442879 

10.442488 
.442067 
.441692 
.441297 
.440908 
.440609 
.440115 
.489721 
.4898127 

10.486964 

Tang. 


6C 
69 
68 
57 
66 
56 
54 
58 
62 
51 
60 

49 
46 
47 
46 
46 
44 
43 
42 
41 
40 

89 
86 
87 
86 
85 
84 
38 
82 
81 
80 

29 
26 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


70- 


COSINES,  'lAJNUJUM'l'B,  AJND  COTANa-RNTR. 


159< 


0 

1 
2 

3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

21 
2^ 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
S4 
85 
36 
87 
88 
39 
40 


Sine. 


51 
52 
58 
54 
55 
66 
57 
58 
69 
60 


9.534052 
.634399 
.631745 
.585092 
.585438 
.535783 
.636129 
.536474 
.686818 
.637163 
.637507 

9.537851 
.588194 
.638638 
.688880 
.639233 
.639665 
.639907 
.£40249 
.640590 
.640931 

9.541272 
.641613 
.541953 
.542293 
.542632 
.642971 
.543310 
.543649 
.543967 
.544325 

9.544663 
.516000 
.545388 
.645674 
.546011 
.546347 
.546683 
.547019 
.547354 
.547689 


41 

9.648024 

42 

.548359 

48 

.548693 

44 

.549027 

45 

.549360 

46 

.549693 

47 

.560026 

48 

.650359 

49 

.650692 

50 

.551021 

9.561356 
.551687 
.562.  .18 
.552349 
.562680 
.5o30]0 
.653341 
.553670 
.654000 

9.654329 


D.  r. 


Cosine. 


5.78 
6.77 
5.78 
5.77 
5.75 


,77 
,75 
,73 
75 
,73 
73 


6.72 
5.78 
6.70 
5.72 
5.70 
5.70 
5.68 
6.68 
5.68 
6.68 

6.68 

5.67 


.67 
.65 
.65 
.65 
.65 
5.63 
5.63 
6.63 


6. 
6. 
5. 
5. 
5. 


5.62 
5.63 
5.00 
5.62 
5.60 
5.60 
5.60 
5.58 
6.58 
5.58 

5.58 
6.57 
6.57 
6.55 
5.55 
6.55 
5.55 
5.65 
5.53 
6.63 

6.52 
5.52 
6.52 
6.52 
6.50 
6.52 
6.48 
6.50 
5.48 


Cosine. 


D.  r 


9.972966 
.972940 
.972894 
.972848 
.9?2802 
.972765 
.9?2709 
.972663 
.912617 
.972570 
.972524 

9.972478 
.972431 
.972385 
.972338 
.972291 
.972245 
.972198 
.972151 
.972105 
.972058 

9.972011 
.971964 
.971917 
.971870 
.971823 
.971776 
.971729 
.971682 
.971635 
.971588 

9.971540 
.971493 
.971446 
.971398 
.971351 
.971303 
.971256 
.971208 
.971161 
.971113 

9.971066 
.971018 
.970970 
.970922 
.970874 
.970827 
.970779 
.970731 
.970683 
.970635 

9.970586 
.970538 
.970490 
.970442 
.970394 
.970345 
.970297 
.970249 
.970200 

9.970152 


D.  r. 


.77 
.77 
.77 
.77 
.78 
.77 
.77 
.77 
.78 
.77 
.77 

.78 
.77 
.78 
.78 
.77 
.78 
.78 
.77 
.78 
.78 

.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 

.78 
.78 
.80 
.78 
.80 
.78 
.80 
.78 
.80 
.78 

.80 
.80 
.80 
.80 
.78 
.80 
.80 
.80 
.80 
.82 

.80 
.80 
.80 
.80 
.82 
.80 
.80 
.82 
.80 


Tang. 


9.661066 
.661459 
.561861 
.662244 
.662636 
.563028 
.563419 
.568811 
.564202 
.564593 
.664983 

9.666373 
.565763 
.566153 
.666542 
.566982 
.567320 
.567709 
.568098 
.568486 
.668873 

9.569261 
.569648 
.570035 
.570422 
.570809 
.671195 
.671581 
.571967 
.672852 
.572738 

9.573123 
.578507 
.673892 
.574276 
.574660 
.575044 
.575427 
.575810 
.576193 
.576576 

9.576959 
.577341 
.677728 
.578104 
.578486 
.578807 
.579248 
.579629 
.580009 
.580389 

9.580769 
.581149 
.581528 
.581207 
.582286 
.582665 
.583044 
.583422 
.583800 

9.584177 


D.  r. 


6.56 
6.53 
6.55 
6.53 
6.63 
6.52 
6.53 
6.52 
6.52 
6.50 
6.50 

6.50 
6.50 
6.48 
6.50 
6.47 
6.48 
6.48 
6.47 
6.45 
6.47 

6.45 
6.45 
6.45 
6.45 
6.43 
6.43 
6.43 
6.42 
6.43 
6.42 

6.40 
6.42 
6.40 
6.40 
6.40 
6.38 
6.38 
6.38 
6.38 
6.38 

6.37 
0.37 
6.35 
6.37 
6.35 
6.35 
6.35 
6.33 

6. as 

6.33 

6.33 

6.32 
6.32 
6.32 
6.32 
6.32 
6.30 
6.30 
6.28 


Sine.     I  D.  1'.  l|  Cotang.  1  D.  1'. 


Cotang. 


10.438934 

.438541 
.438149 
.437756 
.437864 
.436972 
.486581 
.436180 
.435798 
.435407 
.435017 

10.434627 
.434287 

.433847 
.433458 
.483068 
.432680 
.432291 
..431902 
.431514 
.431127 

10.480739 
.430352 
.429965 
.429578 
.429191 
.428805 
.42t^l9 
.428038 
.427648 
.427262 

10.426877 
.426493 
.426108 
.425724 
.425340 
.424956 
.424573 
.424190 
.423807 
.423424 

10.428041 

.422659 


.421896 
.421514 
.4211.33 
.420752 
.420371 
.419991 
.419611 

10.419231 
.418851 
.418472 
.418093 
.417714 
.417385 
.416956 
.416578 
.416200 

10.415823 


60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
31 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 


.422277     17 


16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


Tang. 


llQo 


[379I 


J3" 


TABLE  XXV. -LOGARITHMIC  SINES, 


156« 


Sine. 


D.V. 


9 


,591878 
.592176 
.59^73 
.592770 
.693067 
.59336;^ 
.593659 
.593955 
.594251 
.594547 
.594842 

9.595137 
.595433 
.59.5727 
.596021 
.596315 
.596609 
.598903 
.5971JJ6 
.597490 
.597783 

9.598075 
.598:^ 
.598660 
.598952 
.599244 
.599536 
.599827 
.6)0118 
.000409 
.60070 J 

9.600990 
.601280 
.601570 
.601860 
.602150 
.602439 
.602728 
.603017 
.603;i05 
.603594 

9.603882 
.604170 
.604^157 
.004745 
.605032 
.605319 
.605006 
.605892 
.606179 
.606405 

9.606751 
.607036 
.607322 
.607607 
.607892 
.608177 
.608461 
.608745 
.609029 

9.609313 


Cosiue. 


4. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


97 
95 
95 
95 
93 
93 
93 
93 
93 
92 
92 


4.92 
4.92 
4.90 
4.90 
4.90 
4.90 
4.88 
4.90 
4.88 
4.87 

4.88 
4.87 
4.87 
4.87 
4.87 
4.85 
4.85 
4.a5 
4.a5 
4.83 

4.83 
4.83 

4.8:3 
4.m 

4.82 
4.82 
4.82 
4.80 
4.82 
4.80 

4.80 

4.78 
4.80 
4.78 
4.78 
4.78 
4.77 
4.78 
4.77 
4.77 

4.75 
4.77 
75 
75 
75 
.73 
73 
4.73 
4.r3 


4. 
4. 
4. 
4. 
4. 


Cosine. 


113« 


1>.  1'. 


[382] 


D.  1'.  I!    Tang. 


9.9&1O06 
.963972 

.963919 
.963865 
.963811 
.963757 
.963704 
.963650 
.963596 
.963542 
.963488 

9.963434 

.963379 
.963325 
.963271 
.963217 
.963163 
.963108 
.963054 
.962903 
.962945 

9.962890 
.962836 
.962781 
.962727 
.962672 
.962617 
.9(}2502 
.5)62508 
.9624.>3 
.962398 

9.962313 

.962288 
.962233 
.962178 
.96212:} 
.962067 
.962012 
.961957 
.961902 
.961816 

9.961791 
.9617:35 
.961680 
.961624 
.961569 
.<)61513 
.961458 
.961402 
.961^46 
.961290 

9.961235 
.961179 
.96112:3 
.9610(}7 
.961011 
.9609.55 
.960899 
.960^43 
.980786 

9.960730 


.90 

.88 
.90 
.90 
.90 
.88 
.90 
.90 
.90 
.90 
.90 

.92 
.90 
.90 
.90 
.90 
.92 
.90 
.92 
.90 
.92 

.90 

.92 

.90 

.92 

.92 

.92 

.90  • 

.92 

.92 

.92 

.92 
.92 
.92 
.92 
.93 
.92 
.92 
.92 
.93 
.92 

.93 
.92 
.93 
.92 
.93 
.92 
.93 
.93 
.93 
.92 

.93 
.93 
.93 
.93 
.93 
.93 
.93 
.95 
.93 


9.637852 
.628203 
.628554 
.628905 
.629255 
.629606 
.629956 
.630306 
.630656 
.6:31005 
.631355 

9.631704 
.&32053 
.632402 
.6:32750 
.6:3:3099 

.6:3:«47 

.63:3795 
.634143 
.634490 
.6M^ 

9.635185 
.635532 
.635879 
.636226 
.636572 
.636919 
.637265 
.637611 
.637a56 
.638302 

9.638647 

.638993 
.639337 
.639682 
.640027 
.640371 
.640710 
.641000 
.641404 
.041747 

9.642091 
.6424:34 
.642777 
.64.3120 
.64*463 
.643806 
.644148 
.644-490 
.6448:32 
.645174 

9.645516 
.645li57 
.646199 
.646540 
.046881 
.647222 
.(H7562 
.647903 
.648243 

9.648583 


D,  r. 


Cotang. 


5M 
5.85 
5.85 
6.83 
5.86 
.83 
.83 
.83 
.82 
.83 


6. 
5. 
6. 
6. 

5. 


5.82 

5.83 
6.82 

6.80 
6.82 
5.80 
5.80 
5.80 
5.78 
5.80 
5.78 


5. 
6. 
6. 
5. 
5. 
6. 
5. 
5. 


78 
78 
78 
77 
78 
77 
77 
75 
5.77 
6.75 

5.76 
6.75 
5.76 
5.75 
5.73 
5.75 
5.73 
6.73 
5.72 
5.73 

6.72 
6.72 
5.72 
6.72 
5.72 
5.70 
5.70 
5.70 
5.70 
5.70 

5.68 
5.70 
5.68 
5.68 
5":  68 
5.67 
6.68 
5.67 
5.67 


10.372148 
.371797 
.371446 
.371095 
.370745 
.370394 
.370044 
.369694 
.369*44 
.368995 
.868645 

10.868296 
.807947 
.867698 
.867350 
.366901 
.366553 
.366205 
.865857 
.865610 
.365163 

10.864815 
.364468 
.864121 
.363774 
.363428 
,363081 
.36!i>r35 
.362389 
.363044 
.361698 

10.361353 
.361008 
.360663 
.360318 
.359973 
.a59G29 
.359284 
.358940 
.35869<) 
.35d2u3 

10.857909 
.357566 
.357223 
.a56880 
.3565'37 
.a56194 
.355852 
.355510 
.a55108 
.354826 

10.854484 
.354143 
.853801 

.a'moo 

.353119 
.352778 
.352438 
.353097 
.351757 
10.351417 


60 
59 
58 
57 
56 
55 
54 
63 
52 
51 
60 

49 

48 
47 
46 
45 
44 
4:J 
42 
41 
40 

39 
38 
37 
36 
35 

ai 

3:3 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
IS 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
3 
2 
1 
0 


Sine.     I  B.  r.  n  Cotang.  |  D.  1'.  |     Tang. 


u 

66- 


U' 


COSINES,  TANGENTS,  AND  COTANGENTS. 


155 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 

21 
23 
22 
24 
25 
26 
27 
28 
29 
30 

31 

SS 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
69 
60 


114- 


9.609313 
.609597 

.609880 
.610164 
.610447 
.610729 
.611012 
.61121)4 
.611576 
.611858 
.612140 

9.612421 
.612702 
.612983 
.613264 
.613545 
.613825 
.614105 
.614385 
.614665 
.614944 


IT     I 


D.  1'. 


9 


.615223 
,615^02 


.615781 
.616060 
.616338 
.616616 
.616894 
.617172 
.617450 
.617727 

9.618004 
.618£81 
.6185.58 
.618834 
.619110 
.619386 
.619662 
.619938 
.620213 
.620488 

9.620763 
.6210:« 
.621313 
.621587 
.621861 
.6221:35 
.622409 
.622682 
.6229.J6 
.623229 

9.62*502 
.623774 
.624047 
.624319 
.624591 
.624863 
.625135 
.625406 
.625677 

0.625948 


4.73 

4. 
4. 
4. 
4. 
4, 
4 
4, 
4, 
4 
4.68 


72 
73 
72 
70 
72 
70 
70 
70 
70 


68 
68 
68 
68 
67 
4.67 
4.67 
4.67 
4.65 
4.65 

4.65 


65 
65 
63 
63 
63 
63 
4.63 
4.62 
4.62 


4.62 

4.62 
4.60 
4.00 
4.00 
4.60 
4.60 
4.58 
4.58 
4.58 

4.5S 
4.58 


4. 

4. 

4. 

4 

4. 

4. 


57 
57 
57 
57 
55 
57 


4.55 
4.55 

4.53 
4.55 
4.53 
4.53 
4.53 
4.53 
4.52 
4.52 
4.52 


Cosine.  I  D;  1'. 


Cosine. 


D.  1" 


9.960730 
.960674 
.960618 
.960561 
.960505 
.9604-18 
.9(i0392 
.960335 
.900279 
.960222 
.960105 

9.960109 
.960052 
.959995 
.9599;38 

.959825 
.959768 
.959711 
.959654 
.959596 

9.959539 
.959482 
.9.59425 
.959368 
.959310 
.969253 
.959195 
.950i:i8 
.951K)80 
.959023 

9.958965 
.958908 
.9.58a'50 
.958792 
.9587:^4 
.958677 
.958619 
.9,58661 
.958503 
.958445 

9.9.58387 

.958271 
.9.58213 
.958154 
.958096 
.9580:« 
.957979 
.9.57921 
.957863 

9.957804 
.957746 
.957687 
.957628 
.957570 
.957511 
.957452 
.9.57'393 
.957335 

9.9.5';'276 


Sine.  I  D.  1". 


Tang. 


.93 
.93 
.95 
.93 
.95 
.93 
.95 
.93 
.95 
.95 
.93 

.95 
.95 
.95 
.93 
.95 
.95 
.95 
.95 
.97 
.95 

.96 
.95 
.95 
.97 
.95 
.97 
.95 
.97 
.95 
.97 

.95 
.97 
.97 
.97 
.95 
.97 
.97 
.97 
.97 
.97 

.97 
.97 
.97 
.98 
.97 
.97 
.98 
.97 
.97 
.98 

.97 
.98 
.98 
.97 
.98 
.98 
.98 
.97 
.98 


C  i'. 


9.64a583 
.648923 
.649263 
.W9602 
.649942 
.650281 
.650620 
.650959 
.651297 
.6,51636 
.651974 

9.652312 
.652650 
.652988 
.658326 
.653663 
.654000 
.654337 
.654674 
.055011 
.655*18 

9.&5o684 
.656020 
.65635() 
.656602 
.657028 
.657364 
.657699 
.658034 

.&5as«9 

.658704 

9.659039 
.659373 
.659708 
.660042 
.6(>0376 
.660710 
.661043 
.6613';7 
.661710 
.662043 

9.662376 
.662709 
.663042 
.6U.3375 
.663707 
.664039 
.664371 
.664703 
.665035 
.665366 

9.665698 
.666029 
.666360 
.666691 
.667021 
.667352 
.667682 
.668013 
.668343 

9.668678 


Cotang. 


5.67 
5.67 
5.65 
5.67 
5.65 
5.65 
5.65 
5.63 
5.65 
5.63 
5.63 


5.63 
5.63 
5.63 
5.62 
5.62 
5.62 
62 
62 
5.62 
5.60 


5. 
5. 


5.60 
5.60 
5.60 
5.60 
60 
.58 
58 
58 
58 
58 


5.57 
5.58 
5.57 
5.57 
5.57 
5. ,55 
5.. 57 
5.55 
5.55 
5.55 


.55 
55 
55 
53 
53 
53 
53 


5.53 


5 
5 


52 
53 


5.52 
5.52 
5.52 
5.50 
5.52 
5.50 
5.52 
5.50 
5.50 


Cotang.  I  D.  1'.  |  Tang. 


I383] 


10.851417 
.351077 
.350737 
.350398  i  57 
.350058 
.349719 
.349380 
.349041 
.348703 
.^48364 
.348026 

10.347688 
.347*50 
.347012 
.346674 
.*46a37 
.a46000 
.345663 
.345326 
.344989 
.344652 

10.344316 
.343980 
.343644 
.343308 
.^2972 
.342636 
.342301 
.341966 
.^41631 
.341296 

10.340961 
.340627 
.340292 
.339958 
.339624 
.a39290 
.3.38957 
.33862:3 
.338290 
.337957 

10.337624 
.337291 
.336958 
.336625 
.836293 
.335961 
.335629 
.3*5297 
.334965 
.334634 

10.334302 

.3*3971 

.338640 

.333^ 

.332979 

.332648 

.332318 

.331987 

.331657 
10.331327 


] 


25< 


TABLE  XXV.-LOOABITHMIC  SINES, 


i54< 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
30 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.625948 
.626219 
.626490 
.626760 
.627000 
.627300 
.627570 
.6278^ 
.628109 
.62a378 
.628647 

9.628916 
.629185 
.629453 
.629721 
.629989 
.630257 
.6305^ 
.630792 
.631059 
.631326 

9.631593 
.631859 
.632125 
.632392 
.632658 
.632923 
.633189 
.633454 
.633719 
.633984 

9.634249 
.034514 
.634778 
.635042 
.a35300 
.635570 
.635834 
.636097 
.636360 
.636623 

9.636886 
.637148 
.637411 
.637673 
.637935 
.638197 
.638458 
.638720 
.638981 
.639242 

9.639503 
.639764 
.640024 
.640284 
.640544 
.640804 
.641064 
.641324 
.641583 

9.641842 


D.  1'. 


Cosine. 


4.52 
4.52 

4.50 
4.50 
4.50 
4.50 
4.50 
4.48 
4.48 
4.48 
4.48 


4. 
4. 
4. 
4. 
4. 


.48 
.47 
.47 
.47 
.47 
4.45 
4.47 
4.45 
4.45 
4.45 

4.43 
4.43 
4.45 
4.43 
4.42 
4.43 
4.42 
4.42 
4.42 
4.42 


4 

4. 

4, 

4, 
4. 
4. 


42 
40 
40 
40 
40 
40 


4.38 
4  38 
4.38 
4.38 

4.37 
4.38 


37 
37 
37 
35 
,37 
35 
35 
.35 


4.35 
4.33 
4.33 
4.33 

4. as 

4.33 
4.33 
4.32 
4.32 


Cogine. 


D.  r. 


[3843 


9.957276 
.957217 
.957158 
.957099 
.957040 
.956981 
.956921 
.956862 
.956803 
.956744 
.956684 

9.956625 
.956566 
.956506 
.956447 
.956387 
.956327 
.956268 
.956208 
.956148 
.956089 

9.956029 
.955969 
.955909 
.955849 
.955789 
.955729 
.955669 
.955609 
.955i>48 
.955488 

9.955428 
.955368 
.955307 
.955247 
.955186 
.955126 
.955065 
.955005 
.954944 
.9548a3 

9.954823 
.954762 
.954701 
.954640 
.954579 
.954518 
.954457 
.954396 
.954*35 
.954274 

9.954218 
.954152 
.954090 
.954029 
.95^^968 
.953906 
.953845 
.953783 
.953722 

9.953060 


B.  r 


.  eft) 

.  «w 

.9o 
.98 

1.00 
.98 
.yo 
.98 

1.00 
.98 

.90 

1.00 
.98 
1.00 
1.00 
.98 
1.00 
1.00 

.9o 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

1.00 
1.02 


00 
02 
00 
02 
00 
1.02 
1.02 
1.00 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
J. 02 
1.02 
1.02 

1.02 
1.03 
1.02 
1.02 
1.03 
1.02 

i.as 

1.02 
1.03 


Tang. 


9.668673 
.669002 
.669332 
.669661 
.669991 
.670320 
.670ft49 
.670977 
.671306 
.671635 
.671968 

9.672291 
.672619 
.672947 
.678274 
.673602 
.678929 
.674257 
.674684 
.674911 
.675237 

9.675564 
.675890 
.676217 
.676543 
.676869 
.677194 
.677620 
.677846 
.678171 
.678496 

9.678821 
.679146 
.679471 
.679795 
.680120 
.680444 
.680768 
.681092 
.681416 
.681740 

9.682068 
.682887 
.682710 
.683083 
.683366 
.683679 
.684001 
.684824 
.684646 
.684968 

9.685290 
.685612 
.685934 
.686255 
.686677 
.686898 
.687219 
.687540 
.687861 

9.688182 


D.  r 


Sine.  I  D.  1'.  I|  Cotang.   D.  1". 


5.48 


50 
48 
50 
48 
48 
47 
5.48 
5.48 
5.47 
5.47 

5.47 
5.47 
5.45 
5.47 
5.45 
5.47 
5.45 
5.45 
5.48 
5.45 

5.48 
5.45 
5.48 
5.48 
5.42 
5.48 
5.43 
6.42 
6.42 
6.42 

6.42 
5.42 
6.40 
6.42 
40 
40 
40 
40 
40 
88 


6.40 
6.38 
5.88 
5.88 
6.88 


87 
.88 
87 
87 
87 


5.87 
5.87 
5.86 
37 
35 
85 
85 
85 
36 


Cotang. 


10.881327  60 
.880996  59 
.380668  58 
.330839  '  57 
.830009  56 
.829680  !  55 
.829351  54 
.329023 
.328694 
.868865 
.828037 

10.327700 
.S»7381 
.827068 
.826726 
.826886 
.326071 
.825748 
.325416 
.825089 
.824768 

10.824486 
.824110 
.8^8783 
.828457 
.328131 
.322806 
.822480 
.822164 
.821829 
.821604 

10.821179 
.320664 
.300629 
.820205 

.oloOoO 

.319566 
.819282 
.818908 
.818684 
.818260 

10.817987 
.817618 
.817290 
.816967 
.816644 
.816821 
.816999 
.815676 
.315864 
.815082 

10.814710 

.814888 

.814066 

.813745 

.318423 

.818102 

.812781 

.812460 

.312189 
10.811818 


Tang. 


w 


COSINES,  TANGENTS,  AND  COTANGENTS. 


158« 


Sine. 


0 
1 
8 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
29 

21 
22 
23 
24 
25 
26 
27 
28 
29 

ao 

81 
32 
33 
34 
85 
36 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
53 
53 
54 
55 
56 
57 
58 
59 
60 


9.641842 
.642101 
.642360 
.642618 
.642877 
.648135 
.643893 
.643650 
.643906 
.644165 
.644423 

9.644680 
.644936 
.645193 
.645450 
.645706 
.645962 
.646218 
.646474 
.646?29 
.646984 

9.6472W 

.647494 
.647749 
.648004 
.648258 
.648512 
.648766 
.649020 
.649274 
.649527 

9.649781 
.ft50034 
.660287 
.650539 
.650792 
.651044 
.651297 
.651549 
.651800 
.652052 

9.652304 
.652555 
.652806 
.653057 
653308 
.653558 
.653808 
.654059 
.654309 
.654558 

9.654806 
.655058 
.655307 
.655556 
.656805 
.656054 
656302 
.656551 
.656799 

9.657047 


Cosine. 


D.  1'. 


4.82 
4.32 
4.80 
4.82 
4.30 
4.80 
4.28 
4.30 
4.28 
4.80 
4.28 

4.27 
4.28 
4.28 
4.27 
4.27 
4.27 
4.27 
4.25 
4.25 
4.27 

4.23 
4.25 
4.25 
4.23 
4.23 


4. 
4. 
4. 
4, 
4, 


23 
23 
23 
22 
23 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


.22 
.22 
.20 
.22 
.20 
.22 
.20 
4.18 
4.20 
4.20 


4.18 
4.18 
4.18 
4.18 
4.17 
4.17 
4.18 
4.17 
4.15 
4.17 

4.17 
4.15 
4.15 
4.15 


,15 
13 
15 
13 
18 


D.  1'. 


Cosine. 


9.953660 
.958599 
.953537 
.953475 
.953413 
.958352 
.053290 
.953228 
.958166 
.953104 
.953042 

9.952980 
.952918 
.953855 
.952793 
.953731 
.952609 
.952606 
.95354^4 
.952481 
.953419 

9.953356 
.952394 
.952331 
.953108 
.953100 
.952043 
.951980 
.951917 
.951854 
.95i;'91 

9.951728 
.951665 
.951602 
.951539 
.951476 
.951413 
.951349 
.a5128G 
.951333 
.951159 

9.951096 
.951032 
.950968 
.950905 
.950841 
.950778 
.950714 
.950050 
.950586 
.950533 

9.950458 
.950394 
.950330 
.950266 
.950202 
.950138 
.950074 
.950010 
.9-49945 

9.949881 


Sine. 


D.  1" 


.02 
.03 
.08 
.03 
.02 
.03 
.03 
.03 
.03 
.03 
.03 

.03 
.05 
.03 
.03 
.03 
.05 
.03 
.05 
.03 
.05 

.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.07 
.05 
.05 
.07 
.05 
.05 

.07 
.07 
.05 

.or 

.05 
.07 
.07 
.07 
.07 
.07 

.07 
.07 
.07 
.07 
.07 
.07 
.07 
.08 
.07 


Tang. 


9.688182 
.688502 
.688823 
.689143 
.689463 
.689783 
.690103 
.690423 
.690742 
.691062 
.691881 

9.691700 
.692019 
.6923.8 
.692656 
.692975 
.693293 
.693612 
.693930 
.694248 
.694566 

9.694883 
.695201 
.695518 
.695836 
.696153 
.696470 
.696787 
.697103 
.697420 
.097736 

9.698053 
.698369 
.698685 
.699001 
.699316 
.699633 
.699947 
.700263 
.70a578 
.700893 

9.701208 
.701523 
.701837 
.702152 
.703466 
.702781 
.703095 
.703409 
.708722 
.704036 

9.704350 
.704663 
.704976 
.705390 
.705603 
.705916 
.706338 
.706541 
.706a54 

9.707168 


D.  1".  I  Cotang. 


D.  r. 


6.33 
5.33 
5.33 
5.83 
5.38 
5.33 
5.33 
5.82 
5.33 
5.32 
5.82 

5.82 
5.82 
5.30 
6.82 
5.30 
.5.82 
5.80 
5.80 
5.30 
5.28 

5.80 


5. 
5. 
5. 
6. 
5. 


38 
30 
28 
28 
28 
5.27 
5.28 
5.27 
5.28 

5.27 
5.27 
5.27 
5.25 
5.27 
6.25 
27 
25 
25 
25 


5. 
5. 
5. 
5. 


5.25 
5.23 
5.25 
5.23 
5.25 
5.23 
5.28 
5.22 
5.28 
5.23 


22 
23 
33 
23 
22 
20 
22 

20 


D.  1'. 


Cotang. 


10.311818 
.811498 
.311177 
.310857 
.310537 
.310217 
.809897 
.809577 
.309258 
.3089G8 
.308619 

10.308300 
.307981 
.307602 
.307344 
.807025 
.806707 
.300388 
.306070 
.306753 
.305434 

10.305117 
.304799 
.804483 
.304104 
.303847 
.803630 
.30)213 
.802897 
.302580 
.802364 

10.301947 
.3016^^1 
.301315 
.300999 
.300684 
.300368 
.800053 
.299737 
.299423 
.399107 

10.398792 
.298477 
.298163 
.297848 
.297534 
.297219 
.296903 
.296591 
.296278 
.295964 

10.295650 
.295:^37 
.295034 
.294710 
.294397 
.294084 
.293772 
.293469 
.293146 

10.292834 


60 
59 
68 
67 
66 
65 
64 
63 
52 
61 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
86 
86 
84 
33 
82 
81 
80 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


Tang. 


[385] 


6 


n< 


TABLE  XXV.-LOOARITHMIO  SINES, 


1520 


Sine. 


D.  r. 


0 
1 
2 
3 
4 
5 
C 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
2G 
27 

2^ 
29 
30 

81 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 


9.667047 
.  667295 
.657542 
.657790 
.658037 
.658284 
.a58531 
.658778 
.659025 
.659271 
.659517 

9.659763 

.660009 
.660255 
.660501 
.660746 
.660991 
.661236 
.661481 
.661726 
.661970 

9.662214 
.662159 
.662703 
.662946 
.663190 
.663433 
.663677 
.663920 
.664163 
.664406 

9.664648 
.6(>1891 
.665133 
.665375 
.665617 
.665859 
.666100 
.666342 
.666583 
.666824 

9.667065 
.667305 
.667'M6 
.667786 
.668027 
.668267 
.668506 
.668746 
.668986 
.669225 

9.669464 
.669703 
.669942 
.670181 
.670419 
.670658 
.670896 
.671134 
.671372 

9.671609 


Cosine. 


4.13 
4.12 
4.13 
4.12 
4.12 


4. 

4. 


12 
12 


4.12 


4. 
4. 

4. 


10 
10 
10 


4.10 
4.10 
4.10 
4.08 
4.08 
4.08 
4.08 
4.08 
4.07 
4.07 

4.08 
4.07 
4.05 
4.07 
4.a5 
4.07 
4.05 
4.05 
4.05 
4.03 

4.05 
4.03 
4.03 
4.03 
4.03 
4.02 
4.03 
4.02 
4.02 
4.02 

4.00 
4.02 
4.00 
4.02 


00 
98 
00 
00 
3.98 
3.98 

3.98 
3.98 
3.96 
3.97 
3.98 
3.97 
3.97 
3.97 
3.95 


D.  r. 


Cosine. 


9.949881 
.949816 
.949752 
.949688 
.949623 
.949558 
.949494 
.94»429 
.949364 
.949300 
.949235 

9.949170 
.949105 

.948975 
.948910 
.948845 
.948780 
.948715 
.948650 
.9485^4 

9.948519 
.948454 
.948388 
.948323 
.948257 
.948192 
.948126 
.948060 
.947995 
.947929 

9.^47863 
.947797 
.947731 
.947665 
.947600 
.947533 
.947467 
.947401 
.947335 
.947269 

9.947203 
.947136 
.947070 
.947004 
.946a37 
.946871 
.946804 
.946738 
.946671 
.946604 

9.946538 
.946471 
.946404 
.946337 
.946270 
.946203 
.946136 
.946069 
.946002 

9.9459.35 


D.  r. 


.06 
.07 
.07 
.08 
.08 
.07 
.08 
.08 
.07 
.08 
.08 

.08 
.08 
.08 
.08 
,08 
.08 
.08 
.08 
.10 
.06 

.08 
.10 
.08 
.10 
.08 
.10 
,10 
.08 
.10 
.10 

.10 
.10 
.10 
.08 
.12 
.10 
.10 
.10 
.10 
.10 

,12 
.10 
,10 
,12 
,10 
12 
,10 
,12 
12 
,10 

,12 
,12 
12 
12 
12 
12 
12 
12 
12 


Tangr. 


9.707166 

.707478 
.707790 
.708102 
.708414 
.708726 
.709087 
.709349 
.709660 
.709971 
.710282 


9. 


710693 
.710904 
.711215 
.711525 
.711836 
.712146 
.712456 
.712766 
.713076 
.713386 

9.713696 
.7140a5 
.714314 
.714624 
.714983 
.715242 
.715551 
.715860 
.716168 
.716477 

9.716785 
.717093 
.717401 
.717709 
.718017 
.718325 
.7186a3 
.718940 
.719248 
.719555 

9.719862 
.720169 
.720476 
.720783 
.721089 
.721396 
.721702 
.722009 
.722315 
.722621 

9.722927 
.7232S2 
.723538 
.723844 
.724149 
.724464 
.724760 
.7^5065 
.725370 

9.725674 


D.  r. 


5.20 
5.80 
5.20 
5.20 
5.20 
6.18 
6.20 
6.18 
6.18 
5.18 
6.18 

5.18 
5.18 
5.17 
5.18 
5.17 
5.17 
5.17 
5.17 
5.17 
5.17 

5.15 
5.15 
5.17 
6.15 
5.15 


5. 
5. 
5, 
5. 


15 
15 
13 
15 


6.13 

5.13 
5.13 
5.13 
5.13 
5.13 
5.13 
6.12 
6.13 
5.12 
5.12 

5.12 

6.12- 

5.12 

5.10 

6.12 

5.10 

5.12 

5.10 

5.10 

f..lO 


5.08 
6.10 
5.10 
6.08 
5.08 
5.10 
5.08 
5.08 
5.07 


Sine.  I  D.  i;.  II  Cotang.  I  D.  1". 


Cotang. 


10.292884  60 

.292522  59 

.292210  I  58 

.291898  67 

.291586  '  56 

.291274  55 

.290963  54 

.200651  53 

.290340  52 

.290029  51 

.289718  50 

10.289407  49 

.289096  48 

.288785  ;  47 

.288475  '  46 

.286164  45 

.267854  I  44 

.287544  43 


.267234 
.266924 


10.268215 

.282907 
.262599 
.282291 
.281983 
.281675 
.261367 
.261060 
.260752 
.260445 

10.280138 
.279831 
.279524 
.279217 
.278911 
.278604 
.278298 
.277901 
.277685 
.277379  ' 

10.277078  I 
.276768 
.270462 
.276156 
.275851 
.275546 
.275240 
.274035 
.274080 

10.274^6 


42 
41 


.286614  I  40 

10.266804  I  39 
.285995  I  38 
.266686  37 
.285376  36 
.265067  35 
.284756  34 
.284449  33 
.264140  32 
.283832  81 
.283523  80 


29 

28 
27 
26 

m 

2i 
23 
22 
21 

20 

19 

18 

17 

16 

15 

14 

13  i 

12 

11 

10 

9 

8 

6 

5 

4 

3 
o 

1 

0 


Tang.  I  ' 


117' 


[386] 


62" 


^0 


COSINES,  TANGBNTS,  AND  COTANGENTS. 


151* 


/ 

Sine. 

0 

9.671609 

1 

.671*47 

2 

.672084 

3 

.672321 

4 

.672558 

5 

.6'n«'95 

6 

.673032 

7 

.673268 

8 

.67a'i05 

9 

.673741 

10 

.673977 

11 

9.674213 

12 

.674448 

l:^ 

.674684 

14 

.674919 

15 

.675155 

Iti 

.675390 

17 

.6756!^ 

18 

.675859 

19 

.676094 

20 

.670328 

21 

9.676562 

22 

.676796 

2.3 

.677030 

SJ4 

.677264 

25 

.677498 

20 

.677731 

27 

.677964 

t] 

.678197 

29 

.678430 

30 

.678663 

31 

9.678895 

•S2 

.679128 

33 

.679360 

34 

.079592 

a-, 

.679824 

3« 

.680056 

37 

.680288 

?jt^ 

.680519 

3fi 

.680750 

40 

.680982 

41 

9.681213 

42 

.681443 

43 

.681674 

44 

.681905 

45 

.688135 

40 

.662365 

47 

.682595 

48 

.682825 

49 

.683055 

50 

.6832&4 

51 

9.683514 

52 

.6837413 

5:^ 

.683972 

.)t 

.684201 

55 

.681430 

56 

.684658 

57 

.684887 

58 

.685115 

5« 

.685843 

60 

9.685571 

y 

Cosine. 

D.  r. 


3.97 
3.95 
8.95 
3.95 
3.95 
3.95 
3.93 
3.95 
3.93 
3.93 
3.93 

8.92 
3.93 
3.92 
3.98 
3.92 
3.90 
3.92 
8.92 
8.90 
8.90 

3.90 
3.90 
3.90 
3.90 
8.88 
8.88 
8.88 
3.88 
3.88 
8.87 

8.88 
8.87 
3.87 
3.87 
3.87 
3.87 
8.85 
8.a5 
8.87 
3.85 

8.83 
3.85 
3.85 

3. as 

3.83 

3. as 

SM 
3.83 
8.82 
8.83 

8.82 
8.82 
8.82 
8.82 
8.80 
8.82 
3.80 
3.80 
3.80 


D.  1" 


Cosine. 


9.946985 
.945868 
.945800 
.946733 
.946666 
.945598 
.945531 
.945464 
.945396 
.945:328 
.945261 

9.945193 
.945125 
.945058 
.944'JJK) 
.944822 
.944854 
.944786 
.944718 
.944a'30 
.944582 

9.944514 
.944446 
.944377 
.944J309 
.9445W1 
.944172 
.944104 
.944036 
.943967 
.943899 

9.948830 
.948761 

•  .948693 
.943624 
.943555 
.943486 
.943417 
.943348 
.94327'9 
.943210 

9.943141 
.94:^072 
.943003 
.942934 
.942864 
.942795 
.942726 
.942656 
.942587 
.942517 

9.942448 
.942378 
.942308 
.942239 
.942169 
.942099 
.942029 
.941959 
.941889 

9.941819 


Sine. 


D.  r. 


,12 
.13 
,12 
12 
,13 
12 
,12 
,13 
,13 
,12 
.13 

.13 
.12 
,13 
.13 
.13 
,18 
.13 
.13 
.13 
.13 

.13 
.15 
,13 
,13 
,15 
,13 
,13 
.15 
,13 
,15 

,15 
,13 
,15 
,15 
,15 
15 
,15 
,15 
15 
15 

15 
15 
,15 
17 
15 
,15 
,17 
15 
,17 
,15 

17 

,17 
15 
17 
17 
17 
,17 
,17 
17 


D..r. 


Tang. 


9.725674 
.725979 
.726281 
.726588 
.726892 
.727197 
.727501 
.727805 
.728109 
.728412 
.728716 

9.729020 
.729323 
.729626 
.729929 
.730233 
.7305^5 
.730aS8 
.731141 
.731444 
.731746 

9.7S2048 
.732351 
.732653 
.732955 
.733257 
.733558 
.733860 
.734162 
.734463 
.734764 

9.735066 
.735367 
.735668 
.735969 
.736269 

•.736570 
.736870 
.737171 
.737471 
.737771 

9.738071 
.7:38371 
.738671 
.738971 
.739271 
.739570 
.739870 
.740169 
.740468 


D.  1" 


.740767 


9.741066 
.741365 
.7416&4 
.741962 
.742261 
.742559 
.742858 
.743156 
.74*454 

9.743752 


5.08 
5.08 
5.07 
07 
05 
07 
07 
07 
05 
07 
07 


5.05 
5.05 
5.05 
5.07 

5. as 

5.05 
5.05 
5.05 
5.03 
5.03 

5.05 
5.03 
5.03 
5.03 
5.02 
5.03 
5.03 
5.02 
5.02 
5.03 

5.02 
5.02 
5.02 
5.00 
5.02 
5.00 
5.02 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 
4.98 
5.00 
4.98 
4.98 
4.98 
4.98 

4.96 
4.98 
4.97 
4.98 
4.97 
4.98 
4.97 
4.97 
4.97 


Colang. 


Cotang.  I   D.  1" 


10.274326 
.274021 
.273716 
.273412 
.278108 
.272803 
.2TO499 
.272195 
.271891 
.271588 
.271284 

10.270980 
.270677 
.270374 
.270071 
.269767 
.269465 
.209162 
.208859 
.2Ca'356 
.266254 

10.267952 
.267W9 
.267347 
.267045 
.26674:3 
.266442 
.266140 
.265838 
.265537 
.265236 

10.264934 
.264633 
.2(M832 
.264031 
.263731 
.26*430 
.263130  ,  . 
.263829  22 
.262529  I  21 
.262229  20 


60 
59 

58 
67 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
85 
84 
83 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 


10.261929  I 
.261629  , 
.261329  I 
.261029  ' 
.260729  ' 
.260430  ! 
.260130  , 
.259831  ] 
.259532  ! 
.259233  j 

10.258934 
•  .258635 
.258836 
.258038 
.257739 
.257441 
.257142 
.256844 
.256546 
10.256248 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Tang. 


[387] 


!t^ 


TABL£  XXV.— LOGARITHMIC  SINES, 


150« 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
20 
27 

28 
29 
80 

31 
32 

as 

34 
35 
36 
37 

38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
5S 
54 
55 
56 
57 
58 
59 
60 


Sine. 


9.685.571 

.685799 
.686027 
.686254 
.686482 
.68670;) 
.686936 
.687163 
.687389 
.687616 
.687843 

9.688069 

.688295 
.688521 
.688747 
.688972 
.689198 
.68942:3 
.689618 
.689873 
.690098 

9.690323 
.690548 
.690772 
.690996 
.691220 
.691444 
.691668 
.691892 
.692115 
.692339 

9.692562 
.692785 
.693008 
.693231 
.693453 
.693676 
.6938i)8 
.694120 
.694342 
.694564 

9.694786 

.695007 
.695229 
.69.54,50 
.695671 
.6958J)2 
.696113 
.696;»4 
.6»>554 
.6967:5 

9.696995 
.697215 
.697435 
.697654 
.697874 
.698094 
.698313 
.698532 
.698751 

9.698970 


Cosine. 


D.  r 


3.80 

3.80 
3.78 
3.80 
3.78 
3.78 
3.78 
3.77 
3.78 
3.W 
3.77 

3.77 
3.77 

s.rr 

3.75 
3.77 
3.75 
3.75 
3.75 
3.75 
3.75 

3.75 
3.73 
3.73 
3.73 
3.73 
3.73 
8.73 
3.72 
3.73 
8.72 


8.72 
3. TO 
3.72 
3.70 
3.72 
3.70 
3.70 
3.70 
3.70 
3.70 

3.68 
3.70 
3.68 
8.68 
3.68 
3.68 
3.68 
3.67 
3.68 
3.67 

3.67 
3.67 
3.65 
3.67 
3.67 
3.65 
3.65 
3.65 
3.66 


D.  1', 


[388] 


Cosine. 


9.»41819 
.941749 
.W1679 
.941609 
.941539 
.»41469 
.941398 
.941328 
.941258 
.iM1187 
.^41117 

9.941046 
.940975 
.940905 
.940834 
.940763 
.940693 
.1W0622 
.940551 
.^10480 
.910409 

9.940338 
.940267 
.940196 
.940125 

.939962 
.939911 
.939^10 
.939768 
.939697 

9.939635 
.939554 
.939482 
.939410 
.939339 
.939267 
.939105 
.939123 
.939052 
.938980 

9.938908 
.938a36 
.9a87(i3 
.938691 
.aS8G19 
.988547 
.938475 
.ftm402 
.ft38330 
.938258 

9.938185 
.938113 
.938010 
.937967 
.937805 
.937822 
.937719 
.937676 
.937604 

9.937531 


D.  r. 


1.17 


1.17 
1.17 
1.17 
1.17 
1.18 
1.17 
1.17 
1.18 
1.17 
1.18 

1.18 
1.17 
1.18 
1.18 
1.17 
1.18 
1.18 
1.18 
1.18 
1.18 

1.18 


18 
18 
18 
20 
18 
1.18 
1.20 
1.18 
1.20 


18 
20 

20 
18 
20 


1.20 


1 
1 
1 
1 


20 

18 
20 
20 


1.20 
1.22 


1, 
1 
1 
1, 


.20 
.20 
.20 
.20 
1.22 
1.20 
1.20 
1.22 

1.20 
1.22 
1.22 
1.20 
1.22 
1.22 
1.22 
1.20 
1.22 


Tang. 


9.743;S3 

.744060 
.744348 
.744645 
.744»13 
.745340 
.745588 
.7-^5835 
.74.il82 
.746429 
.746726 

9.747023 
.747319 
.747616 
.747913 
.748209 
.748505 
.748801 
.749097 
.749883 
.749689 

9.749965 
.750281 
.750576 
.7508fn3 
.751167 
.751462 
.751757 
.752052 
.752:i47 
.752612 

9.752937 
.753331 
.754526- 
.753820 
.754115 
.754409 
.7547a3 
.754997 
.755291 
.755585 

9.755878 
.756172 
.756465 
.756759 
.757052 
.757»45 
.757688 
.757931 
.758S24 
.758517 

9.758810 
.759102 
.759895 
.759687 
.750979 
.760272 
.760664 
.760856 
.761148 

9.761439 


Sine.     I  D.  1",  il  Cotang. 


D.  r 


4.97 
4.97 
4.95 
4.97 
4.95 


4 
4 
4 
4 
4 
4 


97 
95 
96 
95 
95 
.95 


4.93 
4.95 
4.95 
4.93 
4.93 
4.93 
4.93 
4.93 
4.93 
4.93 

4.93 
4.92 
4.93 
4.92 
4.92 
4.92 
4.92 
4.92 
4.92 
4.92 


4. 

4 

4. 

4. 
4. 
4. 
4. 
4. 


.90 
92 
.90 
.92 
.90 
.90 
.90 
.90 
4.90 
4.88 


4.90 
4.88 
4.90 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.86 

4.87 
4.88 
4.87 
4.87 
4.88 
4.87 
4.87 
4.87 
4.86 


D.  r. 


Cotang. 


59 


10.250948 
.25!j0Q0 

.255652  '  58 

.255365  57 

.255057  ,  50 

.254760  55 

.254462  51 

.254165  .53 

.253868  .52 

.253571  .  51 


.253274 


50 


10.25297r  49 

.252681  48 

.252884  47 

.252087  46 

.251791  45 

.251495  44 

.251199  43 

.250903  43 

.250607  41 

.350811  40 

10.250015  39 
.249719  38 
.^9421  •  37 
.249128  36 
.^48633  35 
.248688     34 

.^issm    33 

.247948  82 
.247663  31 
.^7858     ao 

10.247063  29 

.246769  28 

.246474  27 

.246180  26 

.245885  25 

.245501  24 

.245297  I  23 

.245003  '  22 

.244709  1  21 

.244415  20 

10.244122     19   I 
.243828  1  18   I 
.243585     17   ' 
.243241      16 
.242M8     15 
.242665     14 
.242862     13 
.2^069  ,  12 
.241776  I  11 
.241483 


10.241190 
.240698 
.210605 
.240813 
.240021 
.239728 
.28M86 
.339144 
.238852 

10.238561 


I 


10 

9 
8 
7 
6 
5 
4  i 

3  ; 

2 
1 

0  ' 


Tang.      I   ' 


60* 


COSlNEfi   TANGENTS,  AND  COTANGENTS. 


149' 


41 
42 
43 
44 
4o 
46 
47 
48 
49 
50 

51 
53 
53 

55 
50 
57 

58 
59 

eo 


I 


Sine. 


0 
1 

3 

4  ! 

5 

6 

71 
8| 

9! 
10 

11 
12 

•13 
14 
15 
16 
17 
18 
19 
^ 

21 

23 
24 
25 
26 

27 
28 
29 

ao 

31 
9i 

33 

at 

85 
36 
37 
38 
39 
40 


.«9ei89 
.68»407 
.690626 
.690^44 
.700062 
.700880 
.700498 
.700716 
.700a33 
.701151 


9 


701868 
701585 
7W802 
,700019 
.70SS36 
,700452 
,700669 
,702885 
08101 


.  I 


9 


9 


.708317 

.70853S 

.708749 
.7089&1 
.704179 
.701305 
.701^10 
.704825 
.706040 
.705254 
.705469 

.706683 
.705808 
.706112 
.706326 
.706539 
.706753 
.706967 
.707180 
.707393 
.707606 

.7W819 
,708082 
.708845 

.708458 

.708670 

.708889* 

.709094 

.709306 

.709618 

.709730 

9.709941 
.710153 
.7108&4 
.710575 
.710786 
.710997 
.711208 
.711419 
.711689 

9.711839 

Cosine. 


9 


D.l". 


8.65 
8.63 
3.65 
3.63 
3.63 
3.63 
3.63 
8.63 
3.62 
3.63 
3.62 

3.62 
8.62 
62 
62 
60 
62 
60 
3.60 
8.60 
3.60 


3.60 
3.58 
3.58 
3.60 
3.68 
3.68 
3.58 
3.57 
3.58 


3.57 

3.58 
3.57 
3.57 
3.55 
3.57 
3.57 
3.55 
355 
3.55 
3.55 

3.55 
3.55 
3.55 
3.53 
8.53 
8.53 
8.53 
8.53 
8.63 
3.52 

3.53 
8.52 
3.52 
3.53 
8.52 
3.52 
3.52 
3.50 
8.50 

D.  1'. 


Cofline. 


9.987531 
.987458 
.937385 
.987312 
.937238 
.937165 
.937092 
.937019 
.936946 
.930872 
.936799 

9.936725 
.936652 
.936578 
.936605 
.936431 
.936357 
.936884 
.936810 
.936136 
.936062 

9.935988 
".935914 
.935840 
.935760 
.935692 
.935618 
.935543 
.935469 
.935395 
.935320 

9.985846 
.935171 
.935097 
.935022 
.984948 
.934873 
.934798 
.934723 
.984W9 
.934574 

.934424 
.984349 
.934274 
.984199 
.934123 
.934048 
.93:397:^ 
.933898 
.93;«22 

9.933747 
.933671 
.933590 
.933520 
983445 
.988369 
.983293 
.933217 
.983141 

9.933066 

Sine. 


D.  r. 


22 

.22 

!23 

.22 
.22 
.22 
.22 
.28 
.22 
.23 

.82 

.83 
.22 
.23 
.83 
.82 
.33 
.83 
.83 
.23 

.23 
.83 
.83 
.83 
.83 
.85 
.83 
.83 
.85 
.88 

.85 
.88 
.85 
.88 
.85 
.85 
.85 
.83 
.25 
.25 

.25 
.25 
.25 
.25 
.27 
.25 
.25 
.25 
.27 
.25 

.27 
.85 
.27 
.25 
.27 
.87 
.27 
.27 
.85 


D.  r. 


Tang. 


9.761439 

761731 
762023 
762314 
7686(KJ 
7t52897 
763188 
763479 
763770 
,704061 
.764352 


9 


9 


9 


9 


9 


9 


764643 

7&4933 
765284 
765514 
765805 
766095 
766385 
766675 
766965 
767255 

767545 
767834 
708124 
768414 
768703 
768992 
769281 
769571 
769860 
770148 

770437 
770726 
771015 
771303 
771592 
771880 
778168 
772457 
772745 
773033 

773381 

77:«08 
773896 
774184 
774471 
774759 
775046 
775333 
775681 
775908 

776195 

77r>482 
7767(« 
777055 
777342 
777628 
777915 
77^801 
77H488 
778774 


D.  r. 


Cotang. 


87 
,87 
,85 
,87 
.86 
.85 
,85 
,85 
,86 
.86 
.86 


4.88 
4.85 


88 
85 
83 
83 
83 
4.83 
4.88 
4.83 


4.82 
4.83 
4.88 

4.82 
4.82 
4.82 
4.83 
4.82 
4.80 
4.82 

4.82 


82 
80 
82 
80 
80 
82 
4.80 
4.80 
4.80 


4. 
4. 

4. 

4. 
4. 


,78 
.80 
.80 
78 
.80 
4.78 
4.78 
4.80 
4.78 
4.78 

4.78 
4.77 

4.78 
.79 
.77 
.78 
.77 
,78 


4. 
4. 
4. 
4. 
4. 
4.77 


Cotang. 


D.  1'. 


10.238561 

.238869 
.237977 
.237686 
.237394 
.237103 
.236812 
.236581 
.23J>880 
.83598l> 
.236048 


10.28685' 


tyr 


10.229563 
.229274 


.288180 
.887'832 
.887543 
.887855 
.226967 


10.228805 
.283518 
.82:3838 
.288945 
.828658 
.883372 
.888085 
.281799 
.881518 

10.381826 

Tang. 


60 
59 
58 
57 
66 
65 
54 

m 

52 
51 
00 

49 

48 


.235067 

.234770  '  47 

.234486  I  46 

.234195  I  45 

.2:33905  44 

.233615  43 

.23;«85  42 

.233t>a5  41 

.232745  40 

10.232455  89 

.232100  88 

.231870  37 

.231580  36 

.231897  36 

.831008  34 

.830719  33 

.830489  32 
.230140  I  31 

.229858  30 


29 

88 


.8S89K)  I  37 
.828097  86 
.28H408  I  35 


24 
83 

38 
81 
20 


10.286679  19 
.880:398  18 
.820104  I  17 
.885810  ,  16 
.885529  I  15 
.885841  14 
.884954  '  13 
.884007  12 
.284379  11 
,284092     10 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


[389] 


(W 


sr 


Table  xxv.—logarithmic  sines. 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37  t 

38; 
39^ 
40-1 


Sine. 


9.711839 
.712050 
.712260 
.712469 
.712679 
.712889 
.713098 
.713308 
.713517 
.713726 
.713935 


9 


9 


41 
42 
43 

44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


.714144 
.714352 
.714561 
.714769 
.714978 
.715186 
.715394 
.715602 
.715809 
.716017 

.716224 
.71fr432 
.710639 
.716846 
.717053 
.717259 
.717466 
.717673 
.717879 
.718085 


9.718291 

.718497 

.718703 

.718909 

.719114 

.719320f> 

.7195211^ 

.719730. 

.719935 

.720140 


-9.'ra0345 
.720549 
.?^0754 
.720958 
.721162 
.721366 
.721570 
.721774 
.721978 
.722181 

722385 

722588 
722791 
722994 
723197 
723400 
723603 
723805 
724007 
724210 


9 


9 


Cosine. 


D.  1'. 


3.52 
3.50 
3.48 
3.50 
3.50 
3.48 
3.50 
3.48 
3.48 
3.48 
3.48 

3.47 
3.48 
3.47 
3.48 
3.47 
3.47 
3.47 
3.45 
3.47 
3.45 

3.47 
3.45 
3.45 
3.45 
3.43 
3.45 
3.46 
3.43 
3.43 
3.43 


3. 
3. 


.43 
.43 
3.43 
3.42 
3.43 
3.42 
3.42 
3.42 
3.42 
3.42 

3.40 
3.42 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.38 
3.40 

3.38 
8.38 
.38 
.38 
3.38 
3.38 
3.37 
3.37 
3.38 

D.  1". 


3. 
3. 


Cosine. 


9.933066 
.932990 
.932914 
.932838 
.932762 
.932685 
.932609 
.932533 
.932457 
.932380 
.932304 

9.932228 
.932151 
.932075 
.931998 
.931921 
.931845 
.931768 
.931691 
.931614 
.931537 

9.931460 
.931383 
.931306 
.931229 
.931152 
.931075 
.930998 
.930921 
.930843 
.930766 

9.930688 
.930611 
.930533 
.930456 
.930378 
.930300 
.930223 
.930145 
.930067 
.929989 

9.929911 
.9298a3 
.929755 
.929677 
.929599 
.929521 
.929442 
.929364 
.929286 
.929207 

9.929129 
.929050 
.928972 
.928893 
.928815 
.928736 
.928657 
.928578 
.928499 

9.928420 

Sine. 


D.  r. 


27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 
.28 
.27 
.27 

.28 
.27 
.28 
.28 
.27 
.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.30 
.28 
.30 

.28 
.30 
.28 
.30 
.30 
.28 
.30 
.30 
.30 
.80 

.30 
.30 
.30 
.80 
.30 
.32 
,30 
.30 
32 
,30 

32 
,30 
32 
30 
32 
32 
32 
82 
32 


D.  1" 


Tang. 


9.778774 

.779060 
.779346 
.779632 
.779918 
.780203 
.780489 
.780775 
.781060 
.781»46 
.781631 

9.781916 
.782201 
.782486 
.782771 
.783056 
.783341 
.783626 
.788910 
.784195 
.784479 

9.784764 
.785048 
.786332 
.785616 
.786900 
.786184 
.786468 
.786752 
.787036 
.787819 

9.787608 

.787886 
.788470 
.788463 
.788?36 
.789019 
.789302 
.789565 
.789868 
.790151 

9.790434 
.790716 
.790999 
.791281 
.791563 
.791846 
.792128 
.792410 
.792692 
.792974 

9.798256 
.793538 
.793819 
.794101 
.794883 
.794664 
.794946 
.795227 
.796508 

9.795789 

Cotang. 


D.  1- 


4.77 
4.77 
4.77 
4.77 


4. 
4. 
4. 
4. 
4. 
4. 


75 

77 
77 
75 
77 
75 


4.75 

4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.73 
4.75 
4.73 
4.75 

4.73 
4.73 
4.73 
4.73 
4.73 
4.73 
4.78 
4.78 
4.72 
4.78 

4.72 

4.73 

4.72 

4.78 

4.72 

4 

4, 

4 

4. 

4, 


72 
72 
72 
72 
72 


4.70 

4.72 
4.70 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 
4.70 

4.70 
4.68 
4.70 
4.70 
4.68 
4.70 
4.68 
4.68 
4.68 

D.  r. 


Cotang. 


10.221226 
.220940 
.220654 
.220868 
.220082 
.219797 
.219511 
.219225 
.218840 
.218654 
.218369 

10.218084 
.217799 
.217514 
.2172Sld 
.216944 
.216659 
.216374 
.216000 
.216606 
.216521 

10.216236 
.214952 
.214668 
.214384 
.214100 
.213816  :  31 
.218632 
.218248 
.212964 
.212681 

10.212397 
.212114 
.211880 
.211547 
.211264 
.210981 
.210698. 
.210415 
.2101.32 
.200649  '  20 

10.209566 
.209284 
.2090M 
.206n9 
.206437 
.206154 
.207872 
.207590 
.207306 
.207026 

10.206744 

.206462 

.206181 

.206899 

.205617 

.205336 

.206064 

.204773 

.204492 
10.204211 

Tang. 


21* 


[390] 


COSINES,  TANGENTS.  AND  COTANGENTS. 


1*/* 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 


9.784210 
.724412 
.?^14 
.724816 
.785017 
.725219 
.725420 
.725022 
,725823 


9  I    .726024 


10 


.726225 


11    9.726426 
U      .726626 

13  .726827" 

14  I  .72.027 


15 

16 
17 
18 
19 
20 


.727228 
.727428 
.727628 
.727828 
.729027 
.728227 


21  fl. 728427 
I  22   .728626 
23   .728825 

ii 
25 
28 
27 
28 
29 
30 

31 

33 
34 
85 
36 
87 
88 
89 
40 


'  .729021 
.728223 

'  .729422 
.729621 
.729620 
.780018 
.780217 

0  730415 
.780613 
.730811 
.731009 
.781206 
.781404 
.781602 
.731799 
731996 
.732193 


41  9.732890 

42  .782587 

43  .782784 

44  .782980 

45  .738177 

46  I  .788873 

47  I  .788569 

48  i  .733765 

49  .783961 


50 

51 
52 
53 

55 
56 

57 
58 
59 


.784157 

9.734358 
.734549 
.784744 
.734939 
.785185 
.736330 
.785525 
.735719 
.735914 


60     9.736109 


i  Cosine. 


D.  1-. 


3.37 
3.37 
3.37 
3.35 
3.37 
3.35 
3.37 
3.35 
3.35 
3.35 
3.35 

3.33 
3.35 
3.33 
3.35 
3.33 

3  as 

3.33 
3.32 

3. as 

3.83 

3.32 
3.32 
3.32 
3.32 
3.32 
3.32 
3.32 
3.30 
3.32 
3.30 

3.30 
3.30 
3.30 
3.28 
3.30 
3.30 
3.28 
3.28 
3.28 
3.28 

3.28 
3.28 
3.27 
3.28 
3.27 
3.27 
3.27 
3.27 
3.27 
3.27 

3.27 
3.25 
3.25 
3.27 
3.25 
3.25 
3.23 
3.25 
3.25 


D.  1". 


Cosine. 


D.  r. 


9.928420 
.928312 
.928263 
.93S183 
.928104 
.928025 
.9271)46 
.927867 
.927787 
.927708 
.927623 

9.927549 
.927470 
.927390 
.927310 
.927231 
.927151 
.927071 
.926991 
.920911 
.926831 

9.926751 
.926671 
.926591 
.926511 
.926431 
.926351 
.  926270 
.926190 
.926110 
.926029 

9.925949 

.925868 
^25788 
.925707 
.925626 
.925545 
.925465 
.9253^4 
.925303 
.925222 

9.925141 
.925060 
.924079 
.924897 
.924810 
.924735 
.924654 
.924572 
.924491 
.924409 

9.924328 
.924246 
.924164 
.924083 
.924001 
.923919 
.928aS7 
.923755 
.923673 

9.923591 


Sine. 


1.80 


.32 
.33 
.32 


1.82 


1.32 
1.32 
1.33 
1.32 
1.32 
1.33 


1.32 
1.33 
1.33 
1.32 
1.33 
1.33 
1.33 
1.33 

i.as 

1.33 


.33 

.as 

.33 
.33 
.33 
.35 
.33 
1.33 
1.35 
1.33 


1. 

1 

1. 

1 

1 

1, 

1. 


1.35 
1.33 
1.35 
1.35 

i.a5 

1.33 
1.35 
1.35 
1.35 
1.35 

1.35 
1.35 
1-37 

i.a5 

1.35 
1.35 
1.37 
1.35 
1.37 
1.35 

1.37 
1.37 
1.35 
1.37 
1.37 
1.37 
1.37 
1.37 
1.37 


D.  r. 


Tang. 


D.  r 


9.795789 
.796070 
.796351 
.796632 
.796913 
.797194 
.797474 
.797755 
.798036 
.798316 
.798596 

9.798877 
.799157 
.799437 
.799717 
.79{)997 
.800277 
.800557 
.800836 
.801116 
.801396 

9.801675 
.801955 
.802234 
.802513 
.802792 
.803072 
.803351 
.803630 
.803909 
.804187 

9.804466 
.804745 
.805023 
.805302 
.805580 
.80)859 
.806137 
.80(>415 
.800693 
.806971 

9.807249 
.807527 
.807805 

.808oas 

.808361 
.808638 
.808916 
.809193 
.809471 
.809748 

9.810025 
.810302 
.810580 
.810857 
.811134 
.811410 
.811087 
.811904 
.812*^41 

9.812517 


68 
.68 
.68 
.68 
.68 
,67 
.68 
.68 


4.67 
4.67 
4.68 


67 
67 
67 
67 
67 
67 
65 
67 
4.67 
4.65 


4. 
4 

4. 
4. 
4. 
4, 


67 
65 

65 
67 
65 


4.65 
4.65 
4.63 
4.65 


4. 
4. 
4 

4. 

4. 
4 

4. 

4. 
4. 

4. 


65 
63 
65 
63 
65 
63 
63 
63 
63 
63 


4.63 


4 

4 
4 
4 

4. 
4, 
4, 
4. 
4, 


63 
63 
63 
62 
63 
62 
63 
62 
62 


4.62 
4.63 
4.62 
4.62 
4.60 
4.62 
4.62 
4.62 
4.60 


Cotang.  I  D.  1\ 


l39i] 


Cotang. 


10.204211 
.203930 
.203649 
.203368 
.203087 
.202806 
.202526 
.202245 
.201964 
.201684 
.201404 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


10.201123  49 

.200843  48 

.200563  47 

.200283  46 

.200003  45 

.199723  44 

.199443  43 

.199164  42 

.198884  41 

.198604  "40 


10.198325 
.198045 
.197766 
.197487 
.197208 
.196928 
.190649 
.196370 
.196091 
.195813 


39 
38 
37 
36 
35 
34 
33 
32 
31 
30 


10.195534  29 

.195255  28 

.194977  I  27 

.194698  26 


.194420 
.194141 
.193863 


25 
24 
23 


.193585  ;  22 


.  19^5307 
.193029 

10.192751 
.192473 
.192195 
.191917 
.191639 
.191362 
.191084 
.190807 

.iiw.'sao 

.190252 

10.18997-5 
.189698 
.189420 
.189143 
.188866 
.188590 
.188:313 
.188aS6 
.187759 

10.187483 


Tang. 


21 
20 

19 
18 
17 
10 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


67' 


33< 


TABLE  XXV.-LOGARITHMIC  SINES. 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
Ifl 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
^6 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.73C109 
.736303 
.736498 
.736692 
.736886 
.737080 
.737274 
.737467 
.737661 
.737855 
.738048 


9 


9 


.738241 
7384^ 
738627 
738820 
739013 
739206 
739398 
739590 
739783 
739975 

740167 
.740359 
.740550 
■  .740742 
.740934 
.741125 
.741316 
.741{)08 
.741699 
.741889 

9.742080 
.742271 
.742i62 
.742652 
.742842 
.74303;i 
.743223 
.743413 
.743002 
.743792 

9.743982 
.744171 
.744361 
.744550 
.744739 
.744928 
.745117 
.745306 
.745494 
.745683 

9.745871 
.746060 
.7462J8 
.746436 
.746624 
.746812 
.746999 
.747187 
.747:374 

9.747562 

Cosine. 


D.  1". 


3.23 
3.25 
8.23 
3.23 
3.23 
3.23 
3.22 
3.23 
3.2J3 
3.22 
3.22 

3.22 
3.22 
3.22 
3.22 
3.22 
3.20 
3.20 
3.22 
3.20 
3.20 

3.20 
3.18 
3.20 
3.20 
3.18 
3.18 
3.20 
3.18 
3.17 
3.18 

3.18 
3.18 
3.17 
3.17 
.  3.18 
3.17 
3.17 
3.15 
3.17 
3.17 

3.15 
3.17 
3.15 
3.15 
3.15 
3.15 
3.15 
3.13 
3.15 
3.13 

3.15 
3.13 
3.13 
3.13 
3.13 
3.12 
3.13 
3.12 
3.13 

D.rT 


Cosine. 


9.923591 
.923509 
.923427 
.923345 
.923263 
.928181 
.923098 
.923016 
.922933 
.922851 
.922768 

9.922686 
.922603 
.922520 
.922438 
.922355 
.922272 
.922189 
.922106 
.922023 
.921940 

9.921857 
.921774 
.921691 
.921607 
.921524 
.921441 
.921^57 
.921274 
.921100 
.921107 

9.921023 
.920939 
.920856 
.920772 
.920688 
.920604 
.920520 
.920436 
.920a52 
.920268 

9.920184 
.920099 
.920015 
.919931 
.919846 
.919762 
.919677 
.919593 
.910508 
.919424 

9.919339 
.919254 
.919169 
.919085 
.919000 
.918915 
.918830 
.918745 
.918659 

9.918574 

Sine. 


D.  r. 


1.37 
1.37 
1.37 
1.37 
1.37 
1.38 


1.37 
1.88 
1.37 
1.88 
1.87 


1.38 
1.38 
1.37 
1.38 
1.38 
1.88 
1  88 
1.38 
1.38 
1.38 

1.38 
1.38 
1.40 
1.38 
1.38 
1.40 
1.38 
1.40 
1.38 
1.40 

1.40 
1.38 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.42 

1.40 
1.40 
1.42 
1.40 
1.42 
1.40 
1.42 
1.40 
1.42 

1.42 
1.42 
1.40 
1.42 
1.42 
1.42 
1.42 
1.43 
1.42 

D.  r. 


Tang. 


D.  r. 


9.812517 
.812794 
.813070 
.813347 
.8113623 
.813899 
^814176 
.814452 
.814728 
.815004 
.815280 

9.815555 
.815881 
.816107 
.816382 
.816658 
.8169a3 
.817209 
.817484 
.817759 
.818035 

9.818810 
.818585 
.818860 
.819135 
.819410 
.819684 
.819959 
.820234 
.820508 
.820783 

9.821057 
.821332 
.821606 
.821880 
.822154 
.822429 
.822703 
.822977 
.823251 
.823524 

9.823798 
.824072 
.824345 
.824619 
.824893 
.825166 
.825439 
.825713 
.825986 
.826259 

9.826532 
.826805 
.827078 
.827351 
.827624 
.827897 
.828170 
.828442 
.828715 

9.828987 

Cotang. 


4.62 
4.60 
4.62 
4.60 


.60 

.62 
.60 
.60 
.60 
4.60 
4.58 


4. 
4. 
4. 
4. 
4. 


4.60 
4.60 
4.58 
4.60 
4.58 
4.60 
4.58 
4.58 
4.60 
4.58 


4. 
4 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


58 
58 
58 
58 
57 
58 
58 
57 
58 
57 


4.58 
4.57 
4.57 
4.57 
4.58 
4.57 
4.57 
4.57 
4.55 
4.57 

4.57 
4.65 
4.57 
4.57 
4.55 
4.55 
4.57 
4.55 
4.55 
4.55 

4.55 
4.55 
4.55 
4.55 
4.55 
4.55 
4.53 
4.55 
4.53 


Cotang. 


10.187488 
.1872J6 
.186930 
.186653 
.186877 
.186101 
.1858^ 
.1&S548 
.185372 
.184996 
.184730 

10.184445 
.184169 
.183893 
.188618 
.188343 
.183067 
.182791 
.188516 
.182241 


49 
48 
47 
4i) 
45 
44 
43 
42 
41 
,181965     40 


10.181690 
.181415 
.181140 
. loOoo© 
.180590 
.180816 
.180041 
.179766 
.179492 
.179217 

10.178943 
.178668 
.178894 
.178120 
.177846 
.177571 
.177«97 
.177023 
.176749 
.176476 

10.176303 
.175928 
.175655 
.175381 


89 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 


.175107  .  15 


.1748a* 
.174561 
.174287 
.174014 
.173741 

10.173468 
.173195 
.172922 
.178649 
.178376 
.178103 
.171880 
.171558 
.171385 

10.171013 


14 
13 
12 
11 
10 

9 

8 

i«> 

6 

5 

4 

3 
o 

1 

0 


Tang,     i    ' 


[392] 


COSINES,  TANGEKTS,  AND  COTANGENTS. 


146' 


Sine. 


9.747562 
.747749 
.747936 
.748123 
.748310 
.748497 
.748683 
.748870 
.749056 
.749243 
.749429 

9.74961J 
.749601 
.749967 
.750172 
.750858 
.750643 
.750729 
.750914 
.751099 
.751264 

9.751469 
.751654 
.751839 
.752023 
.752208 
.752392 
.762576 
.752760 
.752944 
.758128 

9.753812 
.75»J95 
.758679 
.753862 
.754046 
.754229 
.754412 
.754695 
.754778 
.754960 

9.755143 
.755326 
.755606 
.755690 
.755872 
.756054 
.756236 
.766418 
.756600 
.756782 

9.756968 
.757144 
.757826 
.757507 
.757688 
.757869 
.758050 
.758830 
,758411 

9.758691 

Cosine. 


D.  r. 


3.12 
3.12 
3.12 
3.12 
3.12 


3. 
3. 


10 
12 


3.10 
3.12 
3.10 
3.10 

3.10 
3.10 
3.06 
8.10 
8.06 
3.10 
3.06 
3.06 
3.06 
3.06 

3.06 
8.08 
3.07 
8.08 
3.07 
3.07 
3.07 
3.07 
3.07 
3.07 

3.05 
3.07 
3.07 
8.07 
3.05 
3.05 
3.05 
8.05 
8.03 
3.05 

8.05 
3.08 
3.03 
8.03 
3.03 
3.03 
3.03 
8.03 
3.03 
3.02 

3.02 
3  03 
8.02 
8.02 
3  02 
3.02 
3.00 
3.02 
3.00 


D.  1'. 


Cosine. 


9.918574 

.918489 
.918404 
.918318 
.918233 
.918147 
.918062 
.917976 
.917891 
.917805 
.917719 

9.917634 
.917548 
.917462 
.917876 
.917290 
.91?204 
.917118 
.917032 
.916946 
.916859 

9.916773 
.916687 
.916600 
.916514 
.916427 
.916341 
.916254 
.916167 
.916081 
.915994 

9.915907 
.915820 
.915733 
.915646 
.915559 
.915472 
.915385 
.915297 
.915210 
.915123 

9.915035 
.914948 
.914860 
.914773 
.914685 
.914598 
.914510 
.914422 
.9143a4 
.914246 

9.914158 
.914070 
.913982 
.913894 
.913806 
.913718 
.913630 
913541 
.913453 

9.913365 


D.  1'. 


Sine. 


1.42 


42 
43 


1.42 


.43 
.42 
.43 
.42 
1.43 
1.43 
1.42 


1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.45 
1.43 

1.43 
1.45 
1.43 
1.45 
1.43 
1.45 
1.45 
1.43 
1.45 
1.45 

1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.47 
1.45 
1.45 
1.47 

1.45 
1.47 
1.45 
1.47 
45 
47 
47 
1.47 
1.47 
1,47 

1.47 
1.47 


1.47 
1.47 
1.47 
1.47 
1.48 
1.47 
1.47 


Tang. 


9.828987 
.829260 
.829532 
.829805 
.830077 
.880349 
.830621 
.830893 
.8311&5 
.8314:37 
.831709 

9.831981 
.882253 
.a^2525 
.832796 
.833068 
.833339 
.833611 
.833882 
.834154 
.834425 

9.834696 
.834967 
.835238 
.835509 
.835780 
.836051 
.8:36322 
.836r)93 
.836864 
.837ia4 

9.837405 

.8:37075 
.837946 
.838216 
.83^187 
.a38757 
.H39027 
.839297 
.8:39568 
.839838 

9.840108 
.84a378 
.840648 
.U0917 
.841187 
.841457 
.841727 
.8419<H> 
.842266 
.842535 

9.842805 
.843074 
.84334:3 
.81:3612 
.8i:38H2 
.844151 
.844420 
.844689 
.8449.'58 

9.845227 


D.  r. 


4.. 55 
4.53 
4.55 
4.53 
4.53 
'4.53 
4.53 
4.53 
4.53 
4.53 
4.53 


.53 
.53 
.52 
.53 
.52 
.53 
4.52 
4.53 
4.52 
4.52 


4. 
4. 
4. 
4. 
4. 
4. 


52 
52 
52 
52 
52 
4.52 
4.52 
4.52 
4.50 
4.52 

4.50 
4.52 
4.50 
4.52 
4.50 
4.50 
4.50 
4.52 
4.50 
4.50 

4.50 
4.50 
4.48 
4.60 
4.50 
4.50 
4.48 
4.50 
4.48 
4.50 

4.48 
4.48 


48 
50 
48 
48 

48 
48 
,48 


Cotang. 


10 


10 


10 


10 


10 


10 


10 


171013 
170740 
170468 
170195 
169923 
169651 
169379 
169107 
168835 
168563 
168291 


165304 
165033 
164762 
164491 
164220 
163949 
163678 
lft3407 
163136 


1604.32 
160162 


r)7ia5 
156926 
156657 
156:388 
156118 
1.-WW9 
1.55580 
155811 
1.55(^42 
1.5477:3 


162325 

28 

162054 

27 

161784 

26 

161513 

25 

161243 

24 

160973 

23 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


168019  49 

167747  I  48 

167475  >   47 

167204  i  46 

1669:32 

lf36661 

166389 

166118 

165846 

165575 


46 
44 
43 
42 
41 
40 


39 
38 
37 
86 
35 
84 
3:3 
32 
31 


162866  30 
162595  29 


160703  '  22 


21 
20 


159892  19 

159622  1  18 

159352  ,  17 

15908:3 

158813 

158543 

158273 

158004 

1577*4 

157465 


16 
15 
14 
13 
12 
11 
10 


D.  r.  1 1  Cotang.  I  D.  1'.  I  Tang. 


[593] 


9 

8 

< 

6 

5 

4 

3 

2" 

1 

0 


65« 


S6< 


TA.ELE  XXV.— LOGARITHMIC  SINES» 


Siner 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
lii 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 

43 
41 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.758591 
.758772 
.758952 
.759132 
.759312 
.759492 
.759672 
.759852 
.760031 
.760211 
.760390 

9.760569 

.760748 
.760927 
.761106 
.761285 
.761464 
.761642 
.761821 
.7619{i9 
.762177 

9.762356 
.762534 
.762712 

.762889 
.7630()7 
.763245 
.763422 
.763600 
.763777 
.763954 

9.764131 
.764308 
.764485 
.764602 
.764838 
.765015 
.765191 
.765367 
.765^44 
.765720 

9.765896 

.766072 
.766247 
.766423 
.766598 
.766774 
.766949 
.767124 
.767300 
.767475 

9.767649 
.7678^ 
.767999 
.768173 
.768348 
.768522 
.768697 
.768871 
.769045 

9.769219 


D.  r. 


3.02 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.98 
3.00 
2.98 
2.98 

2.98 
2.98 
2.98 
-2.98 
2.98 
2.97 
2.98 
2.97 
2.97 
2.98 

2.97 
2.97 
2.95 
2.97 
2.97 
2.95 
2.97 
2.95 
2.95 
2.95 

2.95 
2.95 
2.95 
2.93 
2.95 
2.93 
2.93 
2.95 
2.93 
2.93 

2.93 
2.92 
2.93 
2.92 
2.93 
2.92 
2.92 
2.93 
2.92 
2.90 

2.92 
2.92 
2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


Cosine. 


9.913365 
.918276 
.913187 
.913099 
.913010 

.912833 
.912744 
.912655 
.912566 
.912477 

9.912388 
.912299 
.912210 
.912121 
.912031 
.911942 
.911853 
.911763 
.911674 
.911584 

9.911495 
.911405 
.911315 
.911226 
.911136 
.911046 
.910956 
.910866 
.910776 
.910686 

9.910596 
.910506 
.910415 
.910325 
,910235 
.910144 
.910054 
.9099(a 
.909873 
.909782 

9.909691 
.909601 
.909510 
.909419 
.909328 
.909237 
.909146 
.909055 
.908964 
.908873 

9.908781 
.908690 
.908599 
.908507 
.908416 
.908:3^ 
.908233 
.908141 
.908049 

9.90';'958 


Cosine.  I  D.  1" 


Sine. 


D.  1'. 


Tang. 


1.48 
1.48 
1.47 
1.48 
47 
48 
48 
1.48 
1.48 
1.48 
1.48 


l.li 
1.48 
1.50 
1.48 
1.48 
1.50 
1.48 
1.50 
1.48 


50 
50 


1.48 


50 
50 
50 
50 
50 
50 
50 


1.50 
1.52 
1.50 
1.50 
1.52 
1.50 
1.52 
1.50 
1.52 
1.52 

1.50 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.53 


52 
52 
53 
52 
53 


1.52 
1.53 
1.53 
1.52 


D.  1'. 


9.845227 
.845496 
.845764 
.846033 
.846302 
.846570 
.&46839 
.847108 
.847376 
.847644 
.847913 

9.848181 
.848449 
.848717 
.848986 
.849254 
.849522 
.849790 
.850057 
.850825 
.850593 

9.850661 
.851129 
.851396 
.851664 
.851931 
.852199 
.852466 
.852733 
.853001 
.853268 

9.853535 
.853802 
.8&4069 
.854336 
.854603 
.854870 
.855137 
.855404 
.855671 
.855938 

9.856204 

.856471 
.856737 
.857004 
.857270 
.857537 
.857803 
.858069 
.858336 
.858602 

9.858868 
.859134 
.859400 
.859666 
.859932 
.860198 
.860464 
,860730 
.860995 

9.861261 


Cotang. 


D.  r. 


4.48 
4.47 


48 
48 

47 
48 
48 
47 
4.47 
4.48 
4.47 

4.47 
4.47 
4.48 
4.47 
4.47 
4.47 
4.45 
4.47 
4.47 
4.47 

4.47 
4.45 
4.47 
4.45 
4.47 
4.45 
4.45 
4.47 
4.45 
4.45 

4.45 


45 
45 
45 
45 
45 
45 
45 
45 
43 


4.45 
4.43 
4.45 
4.43 
4.45 
4.43 
4.43 
4.45 
4.43 
4.43 


4 
4 
4 
4 
4 
4 
4. 
4. 
4. 


43 
43 
43 
43 
43 
43 
43 
42 
43 


Cotang. 


D.  1". 


10.154773  60 

.154504  59 

.154236  58 

.158967  57 

.158698  56 

.1531^  ,  55 

.153161  '  54 

.152892  53 
.152624 
.152356 
.152087 


62 
51 
50 


10.151819  49 

.151551  48 

.151283  47 

.151014  46 

.150746  40 

.150478  44 

.150210  4:3 

.149943  42 

.149675  ;  41 

.149407  ;  40 

10.149139  '  39 


.148871 
.148604 
.148336 
.148069 
.147801 
.14To34 
.147267 
.146999 
.1467^ 


38 
37 
36 
35 
31 
33 
32 
31 
30 


10.146465 
.146196 
.145931 
.1456&4 
.145397 
.145130  i  24 
.144863     23 


.144596 
.144329 
.144062 


10.141132  , 
.140866 
.140600 
.140334 
.140068 
.139602 
.138536 
.139»H) 
.139005 

10.13»739 


29 
28 
27 
26 


25 


21 
20 


10.143796  19 

.143529  18 

.143263  17 

.142996  16 

.142730  lo 

.142463  14 

.142197  13 

.141931  12 

.141664  11 

.141398  10 


9 
8 

i 

6 
5 
4 
3 
2 
1 
0 


Tang. 


25' 


[394] 


COSINES.  TANGENTS,  AND  COTANGENTS. 


143« 


1 

Sine. 

0 

9.769319 

1 

.769303 

2 

.769566 

3 

.769740 

4 

.769913 

5 

.770087 

6 

.770260 

7 

.770433 

8 

.770606 

9 

.770779 

10 

.770952 

11 

9.7711^> 

12 

.771298 

13 

.771470 

14 

1     .771643 

15 

.771815 

16 

.771987 

17 

.7TO159 

18 

.772831 

10 

.772503 

20 

.773675 

21 

9.772847 

22 

.773018 

23 

.773190 

24 

.773361 

25 

.77*533 

26 

.773704 

27 

.778875 

28 

.774040 

29 

.774217 

30 

.774888 

31 

9.774658 

32 

.774729 

33 

.774899 

3t 

.775070 

85 

.775340 

86 

.775410 

87 

.775580 

88 

.775750 

39 

.775920 

40 

.776090 

41 

9.776259 

42 

.776429 

43 

.776598 

44 

.776768 

45 

.;76937 

46 

.777106 

47 

.77;i2;'5 

48 

.777444 

49 

.777613 

50 

.777781 

51 

9.777950 

62 

.778119 

Ki 

.778287 

U 

.778455 

55 

.778624 

66 

.778792 

67 

.778960 

58 

.779128 

69 

.779295 

GO 

9.779403 

D.  f. 


Cosine. 


90 

.88 
90 
88 
90 
88 
88 
88 
88 
88 


2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.85 

2.87 
2.85 
2.87 
2.85 
2.85 
2.85 
2.85 
2.a5 
2.83 


85 
83 
85 
83 
83 
83 
83 
2.83 
2.83 
2.82 

2.83 

2.82 
2.83 
2.82 
2.82 
2.82 
2.82 
2.82 
2.80 
2.82 

2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 

D.  r 


Cosine. 


9.907958 
.907866 
.907774 
.907682 
.907590 
.907498 
.907406 
.907314 
.907222 
.907129 
.907037 

9.906945 
.906a52 
.906760 
.906667 
.906575 
.906482 
.906889 
.906296 
.906204 
.906111 

9.906018 
.905925 
.905832 
.905739 
.905645 
.905552 
.905459 
.905366 
.905272 
.905179 

9.905085 
.904992 
.904898 
.904804 
.904711 
.904617 
.904523 
.904429 
.904335 
.904241 

9.904147 
.904053 
.903959 
.903864 
.908770 
.903676 
.903581 
.903487 
.903392 
.903298 

9.903203 

.903108 
.9030M 
.902919 
.902834 
.902729 
.902634 
.902539 
.902444 
9.902849 


Sine. 


D.  r. 


1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.55 
1.53 
1.53 


1. 
1. 
1. 


1.55 
1.53 
1.55 
.53 
.55 
.55 
1.55 
1.53 
1.55 
1.55 

1.55 
1.55 
1.55 
1.57 
1.55 
1.55 
1.55 
1.57 
1.55 
1.57 

1.55 


.57 
.57 
.55 
.57 
.57 
.57 
.57 
.57 
.57 


1.57 
1.57 
1.58 
1.57 
1.57 
1.58 
1.57 
1.58 
1.57 
1.58 

1.58 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 


Tang. 


9.861261 
.861527 
.861792 
.862068 
.862323 
.862589 
.862854 
.863119 
.863385 
.863650 
.863915 

9.864180 
.864445 
.864710 
.864975 
.865240 
.865505 
.865770 
.866035 
.866800 
.866564 

9.866829 
.867094 
.867358 
.867623 
.867887 
.868152 
.868416 
.868680 
.868945 
.869209 

9.869473 

.869737 

.870001 

.870265 

.870529 

.870793 

I  .871057 

I  .871321 

.871585 

i  .871849 

9.872112 

i  .872376 

.872640 

.872903 

.873167 

,  .873430 

'  .873694 

.873957 

.874220 

.874484 

9.874747 
.875010 
.875273 
K-875537 
.875800 
.876063 
.87'ft326 
.876589 
.876852 

9.877114 


D.  r. 


43 
42 
43 
42 
43 
42 
42 
43 
4.42 
4.42 
4.42 

4.42 
4.42 


42 
42 
42 
42 
42 
42 
4.40 
4.42 


4.42 
4.40 
4.42 
4.40 
4.42 
4.40 
4.40 
4  42 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.38 

4.40 
4.40 
4.38 
4.40 
4.38 
4.40 
4.38 
4.38 
4.40 
4.38 

4.38 
4.38 
4.40 
4.38 
4.88 
4.88 
4.38 
4.38 
4.37 


Cotang. 


10 


10 


10 


10 


10 


10 


10 


188739 
138473 
138208 
137942 
137677 
137411 
137146 
136881 
136615 
i;^6350 
136085 

135820 
135555 
1332*.K) 
135025 
134760 
1^4495 
134280 
133{)65 
1.33700 

133171 
132906 
132642 
132377 
132113 
131848 
131584 
131320 
131055 
130791 

180527 
13020;i 
129999 
1297^5 
120471 
129207 
128943 
128679 
128415 
128151 


125253 

124990 
134727 
1244(i3 
124200 
123937 
123674 
123411 
123148 
122886 


60 
59 
58 
57 
56 
55 
5-4 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
88 
37 
86 
85 
34 
33 
82 
31 
SO 

29 
28 
27 
26 
25 
24 
23 
22 
21 
30 


137888 

127634 

127360 

127097 

126833 

126570 

126306  I  13 

126043  !  12 

125780 

125516 


19 
18 
17 
16 
15 
14 


11 

10 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


D.  1-.  .1  Cotang.  I  D.  1'.  1  Tang. 
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68« 


^f 


TABLE  XX  Y —LOGARITHMIC  RTNlCa. 


Sino. 


0 

1 
2 
8 
4 

5 
6 

7 

8 

9 

10 

U 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
21 

25 
26 

27 
28 
29 
30 

31 
32 
33 
M 
35 
36 
37 
38 
39 
40 

41 
42 
43 

45 
46 
47 
48 
49 
50 

51 
52 
53 

54 
55 
56 
57 
58 
59 
0 


9.779463 
.779631 
.779798 
.779966 
.780133 
.780300 
.780467 
.780634 
.780801 
.780968 
.781134 

9.781301 
.781468 
.781634 
.781800 
.781966 
.782132 
.782298 
.7824tU 
.782630 
.782796 

9.782961 
.783127 
.783292 
.783458 
.783623 
.783788 
.783953 
.784118 
.784282 
.784447 

9.784612 
.784776 
.784941 
.7*5105 
.785269 
.785433 
.785597 
.785761 
.785925 
.786089 

9.786252 

.786416 
.786579 
.786742 
.786906 
.787069 
.787232 
.787395 
.787557 
.787720 

9.787883 

.788045 
.788208 
.788370 
.788532 
.788694 
.788a56 
.789018 
.789180 
9.789342 

Cosine. 


D.  r. 


2.80 

2.78 
80 
78 
78 
78 
78 
78 
78 
77 
78 


2. 
2. 


78 
77 
77 
77 
77 
77 
77 
2.77 
2.77 
2.75 

2.77 
2.75 
2.77 
2.75 
75 
75 
2.75 
2.73 
2.75 
2.75 

2.73 
2.75 
2.73 
2.73 
2.73 
2.73 
2.73 
2.73 
2.73 
2.7a 

2.73 
2.72 

.72 
.73 
.72 
.?2 
.72 
2.70 
2.72 
2.7« 


2. 
2. 
2. 
2. 
2. 


70 
72 
70 
70 
70 
70 
70 
70 


2.70 


D  r. 


CoBiDe. 


9.902349 
.902253 
.902158 
.902063 
.901967 
.901872 
.901776 
.901681 
.901585 
.901490 
.901394 

9.901298 
.901202 
.901106 
.901010 
.900914 
.900818 
.900722 
.900626 
.900529 
.900433 

9.900387 
.900240 
.900144 
.900047 
.899951 
.899854 
.899757 
.899660 
.899564 
.899467 

9.899870 

.899273 
.899176 
.899078 
.898981 
.898884 
.898787 
.898689 
.898592 
.898494 

9.898397 

.896299 
.898202 
.898104 
.898006 
.897908 
.897810 
.897712 
.897614 
.897516 

9.897418 
.897320 
.897222 
.897123 
.897025 
.896926 
.896828 
.896729 
.896631 

9.896532 

Sine. 


D.  1'. 


1.00 
1.58 
1.58 
1.60 
1.58 
1.60 
1.58 
1.60 
1.58 
1.60 
1.60 

1.60 
1.60 
1.60 
1.80 
1.60 


.60 
60 


1.62 


.60 
.60 


1.62 
1.60 
1.62 
1.60 
1.62 
1.62 
1.62 
1.60 
1.62 
1.62 


02 
62 
63 
62 
62 
62 
63 
62 
63 
62 


1 


1.63 
1.62 
1.63 
1.63 
63 
1.63 
1.63 
1.63 
1.63 
1.63 

1.63 
1.63 
1.65 
1.63 
1.65 
l.&S 
1.66 
1.63 
1.65 

D.  r. 


Tang. 

D.  r. 

Cotang. 

/ 

9.677114 

4.88 

4.88 
4.88 
4.37 
4.88 
4.88 
4.87 
4.88 
4.87 
4.38 
4.87 

10.122886 

60 

.877877 

.129623 

59 

.877840 

.122800 

5H 

.877908 

.129097 

57 

.878165 

.121835 

5<i 

.878428 

.191572 

5.-) 

.878001 

.121300 

54 

.878868 

.191047 

5.) 

.879216 

.1907U4 

52 

.879478 

.190622 

51 

.879741 

.120259 

50 

9.880003 

4.87 
4.88 
4.37 
4.37 
4.37 
4.38 
4.37 
4.37 
4.87 
4.87 

10.119997 

49 

.880265 

.119785 

48 

.880628 

.119472 

4T 

.880790 

.119210 

46 

.881052 

.118948 

4o 

.881814 

.118686 

44 

.881577 

.118423 

4.H 

.881839 

.118161 

42 

.882101 

.117899 

41 

.882863 

.117637 

40 

9.882025 

4.37 
4.35 
4.87 
4.37 
4.87 
4.37 
4.35 
4.37 
4.35 
4.87 

10.11787Ti 

39 

.882887 

.117113 

38 

.883148 

.116852 

37 

.883410 

.116590 

86 

.88367^2 

.116328 

35 

.888934 

.110066 

34 

.884196 

.1158(X4 

83 

.884467 

.11554:i 

82 

.884719 

.115281 

81 

.884960 

.115020 

30 

9.8SBSi4» 

4.87 
4.35 
4.35 
4.37 
4.85 
4.87 
4.85 
4.35 
4.35 
4.85 

10.114758 

29 

.885S04 

.114496 

2S 

.885765 

.114235 

27 

.886026 

.118974 

26 

.886288 

.118712 

25 

.886549 

.113451 

21 

.886811 

.118189 

Zi 

.887072 

.112928 

22 

.887883 

.119667 

21 

.887694 

.119406 

20 

9.887865 

4.85 
4.37 
4.35 
4.85 
4.85 
4.83 
4.35 
4.85 
4.85 
4.85 

10.119145 

19 

.888116 

.111884 

18 

.888878 

.111022 

17 

.888639 

.111361 

i<; 

.888900 

.111100 

'  15 

.889161 

.110839 

It 

.889421 

.110579 

13 

.889682 

.110S18 

12 

.889943 

.110057 

11 

.890204 

.109796 

'  10 

9.890465 

4.33 
4.35 
4.85 
4.83 
4.35 
4.33 
4.35 
4.38 
4.35 

10.109535 

9 

.890^5 

.109275 

8 

.890986 

.109014 

.891247 

.108753 

1     6 

.891507 

.108493 

5 

.891768 

.1U8»82 

4 

.8928^ 

.10797^2 

3 

.892289 

.107711 

.892549 

.107451 

1 

9.892810 

10.107190 

0 

Cotang. 

D.  r. 

Tang. 

f 
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COSINES,  TANGENTS,  AND  COTANGENTa 


141' 


Sine. 


9. 788342 

.788504 
.789665 
.789827 
.788988 
.790149 
.790310 
.790471 
.790632 
.790793 
.7909M 

8.791115 
.781275 
.791436 
.781596 


50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


791757- ^S 


.791917 
.792077 
.792237 
.792397 
.792557 

8.782716 
.782876 
.783035 
.783195 
.793354 
.793514 
.793673 
.793832 
.793991 
.784150 

9.794308 
.784467 
.794626 
.784784 
.784842 
.785101 
.785259 
.795417 
.795575 
.795r33 

8.785881 
.786049 
.796206 
.796364 
.796521 
.796679 
.796836 
.796993 
.797150 
.797307 

9.787464 
.797621 
.797777 
.797834 
.798091 
.798247 
.7884a3 
.798560 
.788716 

9.788872 


D.  r. 


2.70 

2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

2.67 
2.68 
2.67 


Cosine. 


2.67 
2,67 
2.67 
2.67 
2.67 
2.65 

2.67 
2.65 
2.67 
2.65 
2.67 
2.65 
2.65 
2.65 
2.65 
2.63 

2.65 
2.65 
2.63 
2.63 
2.65 
2.63 
2.63 
2.63 
2.63 
2.63 

2.63 


62 
63 
62 
63 
2.62 
2.62 
62 
62 


2. 
2. 

2.62 

2.62 
2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 


D.  1" 


Cosine. 


8.896532 
.896433 
.896335 
.89«2;i6 
.896137 
.896038 
.895939 
.895840 
.895741 
.895641 
.895542 

9.895443 
.895843 
.895244 
.895145 
,895045 
.894945 
.894846 
.894746 
.894646 
.894546 

9.894446 
.894346 
.894246 
.894146 
.894046 
.8*3946 
.893846 
.893745 
.89:3645 
.893544 

9.893444 
.893343 
.893243 
.893142 
.893041 
.892910 
.8928:39 
.892739 
.892638 
.892530 

9.8924a5 
.892334 
.89223^3 
.892132 
.892030 
.891929 
.891827 
.89172(i 
.891624 
.891523 

9.891421 
.891319 
.891217 
.891115 
.891013 
.890911 
.890809 
.890707 
.890605 

9.890503 


D.  r. 


1.65 
1.63 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.67 
1.65 
1.65 


67 
65 
65 
67 
67 
1.65 
1.67 
1.67 
1.67 
1.67 

1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.68 
1.67 
1.68 
1.67 

1.68 
1.67 


68 
68 
(.8 
68 
67 
68 
70 
68 


1.68 


68 
68 
70 
68 
70 
1.08 
1.70 
1.68 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Tang. 


9.892810 
.898070 
.893831 
.893591 
.893851 
.894111 
.894372 
.894632 
.894892 
.895152 
.895412 

9.895672 
.895932 
.8i)6192 
.896452 
.896712 
.896971 
.897231 
.897491 
.897751 
.898010 

9.898270 
.898530 
.898789 
.899049 
.899808 
.899568 
.899827 
.900087 
.900346 
.900605 

9.900864 
.901124 
.901383 
.901642 
.901901 
.902160 
.902420 
.902679 
.902938 
.903197 

9.903456 
.903714 
.903973 
.904232 
.904491 
. 904750 
.905008 
.905267 
.905536 
.905785 

9.906043 
.906302 
.906560 
.906819 
.907077 
.907836 
.907594 
.907853 
.908111 

9.908309 


D.  1'. 


Sine. 


D.  1".  II  Cotang. 


4.33 
4.35 

4. as 

4.33 
4.83 
4.85 
4.33 
4.33 
4.33 
4.38 
4.33 

4.33 
4.33 
4.33 
4.33 
4.32 
4.-03 
4.33 
4.33 
4.32 
4.83 


33 
32 

as 

32 
33 
32 
33 
4.32 
4.32 
4.82 


4.33 
4.32 
4.82 
4.32 
4.32 
4.83 
4.32 
4.32 
4.32 
4.32 

4.30 


4. 
4 
4 
4 
4 
4 
4 
4 
4 


32 
32 
32 
32 
30 
32 
32 
32 
30 


4.32 
4.30 
4.32 
4.30 
4.32 
4.80 
4.82 
4.30 
4.30 


D.  r 


Cotang. 


10.107180 
.106930 
.106669 
.106409 
.106149 
.105889 
.ia5628 
.105368 
.105108 
.104848 
.104588 

10.104328 

.104068 
.103808 
.103548 
.103288 
.103029 
.102769 
.102509 
.102249 
.101990 

10.101780 
.101470 
.101211 
.100951 
.100692 
-.100432 
.100173 
.099913 
.099654 
.099395 

10.099186 

.098876 
.098617 
.098358 
.098099 
.097840 
.097580 
.097321 
.097062 
.096803 

10.096544 
.096286 
.096027 
.095768 
.095509 
.095250 
.094992 
.0847:33 
.094474 
.094215 

10.093957 

.093698 
.093440 
.093181 
.092923 
.092664 
.092406 

,  .092147 
.091889 

10.091631 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

89 
88 
37 
36 
35 
34 
33 
82 
31 
30 

29 
2S 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Tang. 
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S9» 


TABLE  XXV.-LOGARITHMIC  SINE3, 


Sine. 


0 
1 
2 
3 
4 
5 
6 

< 

8 

9 

10 

11 
12 
13 
14 
15 
IG 
17 
18 
ID 
20 

21 
20 
Zi 
a4 
25 
26 
27 
28 
29 
30 

31 
32 
33 
M 
So 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.798872 
.799028 
.799184 
.799339 
.799496 
.799651 
.799806 
.799962 
.800117 
.800272 
.800427 

9.800582 
.800737 
.800892 
.801047 
.801201 
.801356 
.801511 
.801065 
.801819 
.801973 

9.802128 

.802282 
.802436 
'.802589 
.80274^3 
.802897 
.803050 
.803204 
.803357 
.803511 

9.803664 

.808817 
.808970 
.8M123 
.804276 
.804428 
.804581 
.804734 
.804886 
.805039 

9.805191 
.805343 
.805495 
.805647 
.805799 
.805051 
.806103 
.806254 
.806406 
.806557 

9.806709 
.806860 
.807011 
.807163 
.807314 
.807465 
.807615 
.80776(m 
.  80791  Ti 

9.808067 

Cosine. 


D.  r. 


2.60 
2.00 
2.58 
2.60 
2.60 
2.58 
2.60 
2.68 
2.58 
2.58 
2.58 

2.58 

2.58 
2.57 
2.58 
2.68 
2.57 
2.57 
2.57 
2.58 

2.57 
2.57 
2.. 55 
2.57 

2.57 
2.55 


.57 

55 
r.7 
55 


2. .55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.53 
2.55 
2.53 

2.53 
2.53 
2. 53 
2.53 
2.53 
2.53 
2.52 
2.53 
2.52 
2.63 

2.52 
2.52 
2.53 
2.52 
2.52 
2.50 
2.52 
2.52 
2.50 

D.  r. 


[398] 


Cosine. 


9.890503 
.890400 
.890298 
.890195 
.890093 
.889990 
.889888 
.88i»785 
.889682 
.889579 
.889477 

9.889374 

.889271 
.889168 
.889064 
.888901 
.888858 
.888755 
.888651 
.88a'>48 
.888444 

9.888341 

.888237 
.888134 
.888030 
.887926 
.887822 
.887718 
.887614 
.887510 
.887406 

9.887302 
.887198 
.887093 
.886989 
.886885 
.886780 
.886676 
.886571 
.886466 
.886362 

9.886257 
.888152 
.886047 
.885942 
.885837 
.885732 
.885627 
.885522 
.885416 
.885311 

9.885205 

.88.5100 
.884994 
.884889 
.8ft47a3 
.884677 
.884572 
.884466 
.884360 
9.884254 

Sine. 


D.  1* 


72 
70 

v;^ 

70 
78 
.70 
72 
.72 
72 
.70 
72 

.72 

.';-2 
Ti 

,72 
72 
72 
73 
72 
73 
72 

73 

72 
73 
73 
73 
78 
73 
,73 
73 
.73 

73 
75 
73 
73 
.75 
73 
75 
75 
,73 
75 

,75 
75 
.75 
.75 
.75 
.75 
.75 
.77 
.75 
,77 

75 

rf- 
,  I  I 

75 

77 
77 
75 

77 
,77 
77 


Tang. 


D.  r 


9.906860 
.908628 
.90<¥W6 
.909144 
.90&402 
.909660 
.909918 
.910177 
.910435 
.910693 
.910951 

9.911209 
.911467 
.911725 
.911982 
.912240 
.912498 
.912756 
.913014 
.913271 
.913629 

9.9137R7 
.914044 
.914802 
.914560 
.914817 
.915075 
.915332 
.915590 
.915847 
.916104 

9.916862 
.916619 
.916877 
.917134 
.917391 
.917648 
.917906 
.918163 
.918420 
.918677 

9.918934 
.919191 
.919448 
.919705 
.919962 
.920219 
.920476 
.920733 
.920990 
.921247 

9.921508 
.921760 
.922017 
.922274 
.922530 
.922787 
.928044 
.928300 
.923557 

9.923814 

Cotang. 


D.  1'. 


4.32 
4.80 
4.80 
4.80 
4.80 
4.30 
4.82 
4.30 
4.80 
4.80 
4.30 

4.80 
4.80 
4.28 
4.80 
4.80 
4.80 
4.30 
4.28 
4.30 
4.30 

4.28 
4.80 
4.30 
4.28 
4.30 
4.28 
4.30 
4.28 
4.28 
4.30 


4. 
4. 
4 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


28 
30 
28 
28 
28 
80 
28 
28 
28 
28 


4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.27 

4.28 
4.28 

4.28 
4.27 
4.28 
4.28 
4.27 
4.28 
4.28 

D.  1*. 


Cotang. 


I    / 


10.091631 

60 

.09137^2 

59 

.091114 

58 

.(r90656 

57 

.090598 

56 

.090^40 

55 

.090062 

54 

.089623 

5S 

.089565 

52 

.089307 

51 

.089049 

50 

10.088791 

49 

.08853:3 

48 

.088275 

47 

.088018 

46 

.087760 

'  45 

.087502 

44 

.087244 

43 

.086986 

42 

.086?29 

41 

.086471 

40 

10.086213 

39 

.086956 

38 

.085698 

37 

.085440 

86 

.085183 

35 

.084925 

34 

.084668 

33 

.084410 

32 

.084153 

31 

.083896 

30 

10.083638 

29 

.083881 

28 

.088123 

27 

.082866 

26 

.0ffi609 

2j 

.082352 

24 

.082094 

23 

.081837 

22 

.081680 

21 

.081323 

90 

10.081066 

19 

.080809 

18 

.0805.52 

17 

.08025)5 

16 

.060038 

15 

.079781 

14 

.079524 

13 

.079267 

12 

.079010 

11 

.078753 

10 

10.078497 

9 

.0^240 

8 

.077983 

.077726 

6 

.077470 

5 

.077218 

4 

.076956 

3 

.076700 

2 

.076443 

1 

10.076186 

0 

Tang. 


iSP 


COSINES.  TANGENTS.  AND  COTANGENTS. 


189« 


/ 
'  0 

Sine. 

9.808067 

,  1 

.808218 

!  2 

.808368 

3 

.808519 

4 

.806669 

5 

.806819 

6 

.806960 

7 

.809119 

.  8 

.809269 

9 

.809419 

10 

.809569 

11 

9.809718 

'    12 

.809868 

13 

.810017 

14 

.810167 

15 

.810316 

16 

.810405 

17 

.810614 

18 

.810763 

19 

.810912 

20 

.811061 

21 

0.811210 

22 

.811358 

Zi 

.-811507 

U 

.811655 

25 

.811804 

26 

.811952 

27 

.812100 

28 

.812248 

29 

.812396 

30 

.812544 

31 

9.812692 

:e 

.812840 

m 

.812988 

ai 

.813135 

35 

.813283 

36 

.813430 

37 

.813578 

38 

.813725 

39 

.813872 

40 

.814019 

41 

9.814166 

42 

.814313 

43 

.814460 

44 

.814607 

45 

.8147.53 

46 

.814900 

47 

.815046 

48 

.815193 

49 

.815*39 

50 

.815485 

51 

9.815632 

52 

.815778 

53 

.81.5934 

54 

.816069 

55 

.816215 

66 

.816361 

57 

.816507 

58 

.8166.52 

59 

.816798 

60 

9.816943 

Cosine. 


D.  r. 


2.52 

2.50 
2.. 52 
2.50 
2.50 
2:50 
2.50 
2.50 
2.50 
2.50 
2.48 

2. .50 
2.48 
2.50 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 

2.47 
2.48 
2.47 
2.48 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 

2.47 
2.47 
2.45 
2.47 
2.45 
2.47 
2.45 
2.45 
2.45 
2.45 


Cosine. 


D.r. 


2.45 
2.45 
2.45 
2.43 
45 
43 
45 
43 
43 


2.45 

43 
43 
42 
43 
43 
43 
42 
2.43 
2.42 


D.  1'. 


9.884254 
.884148 
.»^4042 
.883936 
.  8813829 
.88372;i 
.883617 
.88J3510 
.883404 
.883297 
.883191 

9.883064 
.882977 
.882871 
-.882764 
.882657 
.882560 
.882443 
,882336 
.882229 
.882121 

9.882014 
.881907 
.881799 
.881692 
.881584 
.881477 
.881369 
.881201 
.881153 
.881046 

9.880938 
.880830 
.880722 
.880613 
.880505 
.880397 
.880289 
.880180 
.880072 
.879963 

9.879855 
.879746 
.879637 
.879529 
.879420 
.879311 
.879202 
.87909:3 
.878984 
.87'8875 

9.878766 
.878656 
.878547 
.878438 
.878328 
.878219 
.878109 
.877999 
.877890 

9.877780 


.77 
.77 
.77 
,78 
.77 
,77 
.78 
.77 
.78 
.77 
.78 

.78 
.77 
.78 
.78 
.78 
.78 
.78 
.78 
.80 
.78 

.78 
.80 
.78 
.80 
.78 
.80 
.80 
.80 
.78 
.80 

.80 
.80 
,82 
.80 
.80 
.80 
.82 
,80 
,82 
.80 

.82 
.82 
.80 
.82 
.82 
.83 
.82 
.82 
.82 
.82 

.83 

.82 
,82 
.83 
,82 
,83 
,83 
.82 
,83 


Sine.    '  D.  r. 


Tang. 


9.923814 
.924070 
.924327 
.924583 
.921840 
.925096 
.925352 
.925009 
.925865 
.926122 
.926378 

9.926634 
.926890 
.927147 
.927403 
.927659 
.927915 
.928171 
.928427 
.928684 
.928940 

9.929196 
.929452 
.929708 
.929964 
.930220 
.ft%475 
.930731 
.930987 
.931243 
.931499 

9.931755 
.932010 
.932266 
.932522 
.932778 
.933033 
.933289 
.983545 
.933800 
.934056 

9.934311 
.934567 
.934822 
.93507S 
.93533:3 
.935589 
.935844 
.936100 
.936355 
.936611 

9.936866 
.9:37121 
.937377 
.9376:32 
.937887 
.938142 
.938398 
.a38653 
.938908 

9.939163 


D.  1'. 


4.27 
4.28 


4. 
4. 
4. 
4, 
4. 
4 
4 
4 
4 


27 
28 
27 
27 
28 
27 
28 
27 
27 


4.27 
4.28 
4.27 
4.27 
4.27 
4.27 
4.27 
4.28 
4.27 
4.27 

4.27 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.27 
4.27 
4.27 

4.25 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.25 
4.27 
4.25 

4.27 
4.25 
4.27 
4.25 
4.27 
•4.25 
4.27 
4.25 
4.27 
4.25 

4.25 


4 

4, 

4. 
4, 

4, 

4; 

4. 
4. 


27 
25 
25 
25 
27 
25 
25 
25 


Cotaog. 


Cotang.  I  D.  1". 


10.076186 
.075930 
.075673 
.075417 
.075160 
.074904 
.074648 
.074391 
.074135 
.073878 
.073622 

10.073366 
.073110 
.07285:3 
.0?2i>97 
.072341 
.072085 
.071829 
.071573 
.071316 
.071060 

10.070804 
..070548 
.070292 
.070036 
.069780 
.069525 
.069269 
.069013 
.068757 
.068501 

10.068245 
.067990 
.067734 
.067478 
.06r222 
.066967 
.066711 
.066455 
.066200 
.065944 

10.065689 
.066433 
.065178 
.064922 
.064667 
.064411 
.064156 
.063900 
.063645 
.063389 

10.063134 
.062879 
.062623 
.062368 
.062113 
.061858 
.061602 
.061:347 
.061092 

10.060837 


60 
69 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 

38 
37 
36 

a5 

34 
33 
32 
31 
30 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Tang. 


[399] 


4l< 


TABLE  XXV.-LOGARITHMIC  SINES, 


138« 


Sine. 


D.  r. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

n 

13 
14 
15 
16 
17 
18 
19 
30 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.816943 

.817088 
.8172:« 
.817379 
.817524 
.8176(W 
.817813 
.817958 
.818103 
.818247 
.818392 

9.818536 
.818681 
.818825 
.81891)9 
.819113 
.819257 
.819401 
.819545 
.819689 
.819832 

9.819976 
.820120 
.820263 
.820406 
.820550 
.820693 
.8208:% 
.820979 
.821122 
.821265 

9.821407 
.821550 
.821693 
.821835 
.821977 
.822120 
.822262 
.822404 
.822546 
.822688 

9.822830 
.82'»72 
.82:^114 
.82*255 
.82:^397 
.82*539 
.823680 
.823821 
.823963 
.824104 

9.821245 
.824386 
.824527 
824668 
.824808 
.824949 
.825090 
.8252:% 
.825371 

9.825511 


Cosine. 


2. 
2. 
2. 
2. 


2.42 
2.42 
.43 
.42 
.40 
.42 
2.42 
2.42 
2.40 
2.42 
2.40 

2.42 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.38 
2.40 

2.40 

2.38 

2. as 

2.40 
2.38 
2.38 
2.38 
2.38 
2.38 
2.37 

2.38 
2.38 
2.37 
2.37 
2.38 
2.37 
2.37 
2.37 
2.37 
2.37 

2.37 
2.37 
2.35 
2.37 
2.37 
2.35 


35 
.37 
35 


2.35 

2.85 
2.35 
2.35 
2.33 
2.35 
2.35 
2.33 
2.35 
2.33 


Cosine. 


D.  r. 


D.  1". 


[400! 


9.877780 
.877670 
.877560 
.877450 
.877340 
.877230 
.877120 
.877010 
.876899 
.876789 
.876678 

9.876568 
.876457 
.876*47 
.876236 
.876125 
.876014 
.875904 
.875793 
.875682 
.875571 

9.875459 
.875348 
.875237 
.875126 
.875014 
.874903 
.874791 
.874680 
.874568 
.874456 

9.874344 
.8742:^2 

.874121 
.874009 
.873896 
.873784 
.87:^72 
.873560 
.87:«48 
.8733:35 

9.873223 
.873110 
.872998 
.872885 
.872772 
.872659 
.872547 
.872434 
.872:321 
.872208 

9.872095 
.871981 
.8718()8 
.871755 
.871041 
.871528 
.871414 
.871:301 
.871187 

9.871073 

Sine. 


1.88 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 
1.85 
1.83 
1.85 
1.88 

1.85 
1.83 


a5 
85 
86 
83 
85 
1.85 
1.85 
1.87 

i.m 

1.85 
1.87 
1.85 
1.87 
1.85 
1.87 
1.87 
1.87 

1.87 
1.85 
1.87 


.88 
.87 


1.87 
1.87 
1.87 
1.88 
1.87 

1.88 
1.87 
1.88 
1.88 
1.88 
1.87 
1.88 
1.88 
1.88 
1.88 

1.90 
1.88 
1.88 
1.90 
1.88 
1.90 
1.88 
1.90 
1.90 

D.  r. 


Tang. 


D.  r. 


9.939163 
.939418 
.939673 
.939928 
.W0183 
.940439 
.9406&1 
.W0949 
.941204 
.»41459 
.941713 

9.941968 
.042223 
.942478 
.942733 
.042988 
.943243 
.943498 
.943752 
.944007 
.044262 

9.944517 
.944771 
.945026 
.945281 
.945535 
.945790 
.946045 
.946299 
.94&554 
.946808 

9.947063 
.947318 
.947572 
.947827 
.948081 
.048335 
.948590 
.048844 
.949099 
.940S53 

9.949608 
.949862 
.950116 
.950371 
.950625 
.950879 
.951133 
.951388 
.951642 
.951896 

9.952150 
.952405 
.952659 
.952913 
.953167 
.95:i421 
.953675 
.953929 
.9.M183 

9.954437 


Cotang. 


4.25 
4.25 
4.25 
4.25 
4.27 


4. 
4. 
4. 
4 
4 
4 


25 
25 
25 
25 
23 
25 


4.25 
4.25 
4.25 
4.25 


4, 
4. 
4. 
4, 
4, 
4 


25 
25 
23 
25 
25 
25 


4.23 
4.25 
4.25 


28 
25 
25 
23 
25 
23 
25 


4.25 


4. 

4. 

4 

4. 

4. 

4. 

4, 

4 

4. 


23 
25 
28 
28 
25 
23 
25 
23 
25 


4.23 
4.23 
4.25 
4.28 
4.23 
4.23 
4.25 
4.28 
4.28 
4.28 

4.25 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.28 


.047341 
.047087 
.046833 
.016579 
.0463^ 
.046071 
.045817 
10.045563 


Cotang. 

/ 
60 

10.060637 

.060582 

59 

.06032;- 

58 

.0600?2 

57 

.059817 

50 

.059561 

55 

.059306 

54 

.059051 

5:i 

.058796 

52 

.058541 

51 

.058287 

|50 

10.058032 

49 

.057777 

48 

.057522 

4T 

.057^267 

46 

.057012 

45 

.056757 

44 

.056502 

4:i 

.056248 

43 

.055903 

41 

.055738 

,40 

10.055483 

39 

.05522!) 

■  3S 

.054074 

:i7  ; 

.054719 

% 

.0544(» 

35 

.054210 

•M 

.053955 

's:i 

.063701 

aj 

.05*446 

31 

.053192 

30 

10.052037 

29 

.0526^ 

■  28 

.052428 

27 

.052173 

20 

.051919 

25 

.051665 

24 

.051410 

2:i 

.051156 

22 

.060901 

21 

.050647 

211 

10.050392 

19  ' 

.050138 

t  ^^  ' 

.049884 

^' 

.049629 

'  10 

.049375 

15 

.049121 

14 

.048867 

,  13 

.048612 

12 

.048358 

11   1 

.048104 

10 

10.047«50 

9 

.047595 

8 

t 

6 
5 
4 
3 

o 


D.  1',  1  Tang.  I  '  J 


48* 


420 


COSINES,.  TANGENTS,  AND  COTANGENTS. 


187« 


Sipe. 


0 

9.825511 

1 

.835651 

2 

.825791 

3 

.835931 

4 

. 828071* 

5 

.826211 

6 

.826351 

7 

.82&491 

8 

.82661^1 

9 

.826770 

10 

.826910 

11 

9.827049 

n 

.827189 

n 

.827328 

14 

.827467 

15 

.827606 

16 

.827745 

17 

.827884 

18 

.828023 

19 

.828162 

iio 

.828301 

21 

9.828439 

22 

.828578 

23 

.828716 

Zi 

.828855 

25 

.828993 

26 

.829131 

27 

.829269 

28 

.829407 

29 

.829545 

30 

.829683 

31 

9.829821 

32 

.829959 

33 

.830097 

ai 

.830234 

35 

.830372 

36 

.830509 

37 

.830646 

38 

.8307&4 

39 

.830921 

40 

.831058 

41 

9.831195 

4:i 

.831382 

43 

.831469 

44 

.831606 

45 

.831742 

46 

.831879 

47 

.832015 

48 

.832152 

49 

.832288 

50 

.832425 

51 

9-832561 

5a 

.832697 

53 

.832833 

54 

.832969 

55 

.833105 

5« 

.833241 

57 

.833377 

58 

.833512 

59 

.833648 

60 

9.833783 

Cosine. 


D.  1'. 


2.33 
2.33 
2.33 
2.33 
2.33 
2.33 
2.33 
2.33 
2.3^ 
2.33 
2.32 

2.33 
2.32 
2.32 
2.32 
2.32 


2 
2 
2 
2 


32 
32 
32 
32 


2.30 

2.32 
2.30 
2.32 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.30 
2.30 
2.28 
2.30 
2.28 
2.28 
2.30 
2.28 
2.28 
2.28 

2.28 
2.28 
2.28 
2.27 
2.28 
2.27 
.28 
.27 
.28 
.27 


2. 
2. 
2. 
2. 


27 
27 
27 
27 
27 
27 
2.25 
2.27 
2.25 


D.  I*. 


Cosine. 


9.871073 
.870960 
.870846 
.870732 
.870618 
.870504 
.870390 
.870276 
.870161 
.870047 
.869933 

9.869818 
.869704 
.869589 
.869474 
.869360 
.869245 
.869130 
.869015 
.868900 
.868785 

9.868670 
.868555 
.868440 
.868324 
.868209 
.868093 
.867978 
.867862 
.867747 
.867631 

9.867515 
.867399 
.867283 
.867167 
.867051 
.866935 
.866819 
.866703 
.866586 
.86&470 

9.866353 
.866237 
.866120 
.866004 
.865887 
.865770 
.865653 
.865536 
.865419 
.865302 

9.865185 
.865068 
.86495*^ 
.86483?> 
.864716 
.864598 
.864481. 
.864363  I 
.864245 

9.864127  I 


D.  1'. 


1. 
1. 

1. 


1.88 
1.90 
1.90 
1.90 
.90 
.90 
.90 
1.92 
1.90 
1.90 
1.92 

1.90 
1.92 
1.92 


1. 

1. 

1, 

1, 

1 

1 

1 


90 
92 
92 
92 
92 
92 
92 


1.92 
1.92 
1.93 
1.92 
1.93 


,92 
,93 
,92 
.93 
.93 


1.93 
1.93 
1.98 
1.93 
1.93 
1.93 
1.93 
1.95 
1.93 
1.95 

1.93 
1.95 
1.93 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 

1.95 
1.97 
1.95 
1.95 
1.97 
1.95 
1.97 
1.97 
1.97 


Tang. 


9.954437 
.954691 
.954946 
.955200 
.955454 
.955708 
.955961 
.956215 
.956469 
.9567^ 
.956977 

9.957231 
.957485 
.957739 
.957993 
.958347 
.958500 
.958754 
.959008 
.959262 
.959516 

9.959769 
.960023 
.960277 
.960530 
.960784 
.961038 
.961292 
.961545 
.961799 
.962052 

9.962306 
.962560 
.962813 
.963067 
.963320 
.963574 
.963828 
.964081 
.964:335 
.964588 

9.964842 
.965095 
.965349 
.965602 
.965855 
.966109 
.966362 
.966616 
.960869 
.967123 

9.967376 
.967629 
.967883 
.968136 
.968389 
.968643 
.968896 
.969140 
.969403 

9.969656 


D.  r. 


Sine.     I  D.  1".  |l  Cotang. 


4.23 
4.25 
4.28 
4.23 


23 
22 
23 
23 
23 
4.23 
4.23 


4. 

4. 
4, 
4, 
4. 
4 
4, 
4, 
4. 
4, 


23 
23 
23 
23 
22 
23 
23 
23 
23 
22 


4.23 
4.23 
4.22 
4.23 
4.23 
4.23 
4.22 
4.23 
4.22 
4.23 

4.23 
4.22 
4.23 
4.22 
4.23 
4.23 
4.22 
4.23 
4.22 
4.23 


4, 

4, 

4 

4. 

4. 

4 

4, 

4, 

4. 

4. 


22 
23 
22 
22 
23 
22 
23 
22 
23 
22 


4.22 
4.23 
4.22 
4.22 
4.23 
4.22 
4.22 
4.23 
4.22 


D.1% 


Cotang. 


10.045563 
.045809 
.045054 
.044800 
.044546 
.044292 
.044039 
.043785 
.043531 
.043277 
.043023 

10.042769 
.042515 
.042261 
.042007 
.041753 
.041500 
.041246 
.040992 
.040738 
.040484 

10.040231 
.039977 
.039723 
.039470 
.039216 
.038962 
.038708 
.038455 
.038201 
.0b7948 

10.037694 
.037440 
.037187 
.036933 
.036680 
.036426 
.036172 
.035919 
.035665 
.035412 

10.035158 
.034905 
.034651 
.034398 
.034145 
.033891 
.033638 
.033384 
.033131 
.032877 

10.032624 
.032371 
.032117 
.031864 
,031611 
.031357 
.031104 
.030851 
.030597 

10.030344 


Tang. 


[401] 


4 


48< 


TABLE    XXV.—r-UGARITHMIC  SINES, 


136° 


Sine. 


0 

9.883783 

1 

.833919 

2 

.834054 

3 

.834189 

4 

.884325 

6 

.aS4460 

6 

.884595 

7 

.834730 

8 

.834865 

9 

.884999 

10 

.835134 

11 

9.835269 

12 

.835403 

13 

.835538 

14 

.835672 

15 

.835807 

16 

.835941 

17 

.836075 

18 

.836209 

19 

.836343 

20 

.836477 

21 

9.836611 

22 

.836745 

23 

.836878 

24 

.837012 

25 

.837146 

26 

.837279 

27 

.837412 

28 

.837546 

29 

.837679 

30 

.837812 

31 

9.837945 

32 

.838078 

33 

.838211 

34 

.838344 

35 

.838477 

36 

.838610 

37 

.838742 

38 

.838875 

39 

.839007 

40 

.839140 

41 

9.839272 

42 

.839404 

43 

.839536 

44 

.839668 

45 

.839800 

46 

.839932 

47 

.840064 

48 

.840196 

49 

.840328 

50 

.840459 

51 

9.840591 

52 

.840722 

53 

.840854 

54 

.840985 

55 

.&41116 

56 

.841247 

57 

.841378 

58 

.841509 

59 

.841640 

60 

9.841771 

Cosine. 


D.  r. 


2.27 
2.25 
2.25 
2.27 
2.25 
2.25 
2.25 
2.25 
2.23 
2.25 
2.25 


2.23 
2.25 
.23 
.25 
.23 
.23 
.23 
.23 
.23 
.23 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


2.23 
2.22 
2.23 
2.23 
2.22 
2.22 
2.23 
2.22 

2.22 
2.22 
2.22 
2.22 
2.22 
2.20 
2.22 
2.20 
2.22 
2.20 


20 
20 
20 
20 
20 
20 
20 
,20 
.18 
,20 


2.18 
2.20 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 

D.  1". 


Cosine. 


9.864127 
.864010 
.863692 
.863774 
.863656 
.863538 
.863419 
.863301 
.863188 
.863064 
.862946 

9.862827 

.862709 
.862590 
.862471 
.862353 
.862234 
.862115 
.861996 
.861877 
.861758 

9.861638 
.861519 
.861400 
.861280 
.861181 
.861041 
.860922 
.860802 
.860682 
.860562 

9.860442 
.860322 
.860202 
.860082 
.859962 
.859842 
.859721 
.859601 
.859480 
.659360 

9.859239 
.859119 
.858998 
.858877 
.858756 
.858635 
.858514 
.858393 
.858272 
.858151 

9.858029 
.857908 
.857786 
.857665 
.857543 
.857422 
.857300 
.857178 
.857056 

9.856934 

Sine. 


D.  1- 


1.95 


97 
97 
97 
97 
96 
97 
97 
96 
97 


1.98 

1.97 
1.96 


1. 

1 

1, 

1 

1, 

1 

1 


96 
97 
96 
96 
98 
96 
98 


2.00 

1.98 
1.96 
2.00 
1.98 
2.00 
1.98 
2.00 
2.00 
2.00 
2.00 


2. 
2. 
2. 


.00 
.00 
.00 
2.00 
2.00 
2.02 
2.00 
2.02 
2.00 
2.02 

2.00 
2.02 
2.02 
2.02 
.02 
.02 
.02 
.02 
.02 
.03 


2. 
2. 
2. 
2. 
2. 
2. 


2.02 
2.08 
2.02 
2.03 
2.02 
2.03 
2.03 

2. as 

2.03 
D.  1". 


Tang. 


D.  r. 


9.969656 

.  WJWwUo 

.970162 
.970416 
.970669 
.970922 
.971175 
.971429 
.971682 
.971935 
.972188 

9.972441 
.972695 
.972948 
.973201 
.973454 
.973707 
.9^960 
.974213 
.974466 
.974720 

9.974973 
.975226 
.97^79 
.975732 
.975985 
.976238 
.976491 
.976744 
.976997 
.977250 

9.977503 
.977756 
.978009 
.978262 
.978515 
.978768 
.979021 
.979274 
.979527 
.979780 

9.980083 
.980286 
.980538 
.980791 
.981044 
.981297 
.981550 
.981803 
.982056 
.982309 

9.982562 
.982814 
.983067 
.983320 
.983578 
.983826 
.984079 
.984332 
.984584 

9.984887 

Cotang. 


4.22 

4.22 
4.23 
4.22 
4.22 
4.22 
4.28 
4.22 
4.22 
4.22 
4.22 

4.23 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 
4.28 
4.22 

4.22 
4.22 
4.22 


4. 

4. 
4. 
4. 
4. 
4. 
4. 


22 
22 
22 
22 
22 
22 
22 


4.22 
4.22 


4. 
4. 
4. 
4. 
4 
4. 
4. 
4. 

4. 

4. 
4. 
4. 
4 
4, 
4. 
4, 
4. 
4. 

4. 
4. 
4. 
4. 
4. 
4. 


22 
22 
22 
22 
22 
22 
22 
22 

22 
20 
22 
22 
22 
22 
22 
22 
22 
22 

20 
22 
22 
22 
22 
22 


4.22 
4.20 
4.22 

D.  1". 


Cotajig. 


10.030844  ,  60 

.080091  59 

.029838  I  58 

.029584  57 

.029331  56 

.029078  55 

.028825  54 

.028571  53 

.028318  52 

.028065  51 

.027812  ,  50 

10.027559  i  49 

.027305  I  48 

.027052  ,  47 

.026799  :  46 

.026546  45 

.026293  '  U 

.026040  43 

.025787  42 

.025534  41 

.025280  ,  40 


10.025027 
.024774 
.024521 
.024268 
.024015 
.028762 
.023509 
.023256 
.028003 
.022750 

10.022497 
.022244 


39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 


.021991  ;  27 

.021738  I  26 

.021485  ,  25 

.021232  !  24 

.020979  23 

.020726  22 

.020478  21 

.020220  ,  20 

10.019967  19 

.019714  18 

.019462  17 

.019209  16 

.018956  15 

.018703  14 

.018450  18 

.018197  12 

.017944  11 


.017691 

10.017438 
.017186 
.016933 
.016680 
.016427 
.016174 
.015921  I 
.015668 
.015416 


9 
8 
7 
6 
6 
4 
3 
2 
1 


10.015163  I    0 
Tang. 


[402] 


t4« 


COSINES,  TANGENTS,  AND  COTANaENTS. 


135< 


I  0 


Sine. 


9.841771 
.841903 
.812033 
.842163 
.842294 
.842424 
.848555 
.842685 
.842815 
.842946 
.843076 

9.843206 
.843336 
.843466 
.84a595 
.843725 
.843855 
.843984 
.844114 
.844243 
.844372 

9.844502 
.844631 
.844760 
.844889 
.845018 
.845147 
.845276 
.845405 
.845533 
.845662 

9.845790 
.845919 
.846047 
.846175 
.846304 
.846432 
.846560 
.846688 
.846816 
.846944 

9.847071 
.847199 
.847327 
.847454 
.847582 
.847709 
.847836 
.847964 
.848091 
.848218 

9.848345 
.84847^ 
.848599 
.848726 
.848852 
.848979 
.849106 
.849232 
.849359 

9.849485 


D.  r. 


2.18 

2.18 

2.17 

2.18 

2.17 

2.18 

2.17 

2.17 

2.18 

2 

2.17 


17 


2.17 
2.17 
2.15 
2.17 
2.17 
15 
17 
15 
15 


2.17 

2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.13 
2.15 
2.13 

2.15 
2.13 
2.13 
2.15 
2.13 
2.13 
2.13 
2.13 
2.18 
2.12 

2.13 
2.13 
2.12 
2.13 
2.12 


2, 
2. 
2. 
2. 
2. 


12 
13 
12 
12 
12 


2.12 
2.12 


2. 

2. 

2 

2. 

2. 


12 
10 
12 
12 
10 


2.12 
2.10 


Cosine.   D.  1". 


Cosine. 


9.856934 
.856812 
.856690 
.856568 

.856323 
.856201 
.856078 
.855956 
.855ft3Ji 
.855711 

9.855588 
.855465 
.865342 
.855219 
.855096 
.854973 
.854850 
.854727 
.854603 
.854480 

9.854356 
.854233 

.854109 
.853986 
.853862 
.853738 
.853614 
.853490 
.853366 
.853242 

9.853118 
.852994 
.852869 
.852745 
.852620 
.852496 
.852371 
.852247 
.852122 
.851997 

9.8518?2 
.851747 
.851622 
.851497 
.851372 
.851246 
.861121 
.850996 
.850870 
.850745 

9.850619 
.860493 
.850368 
.850242 
.850116 
.849990 
.849864 
.849738 
.849611 

9  849485 


Sine. 


D.  1*. 


2.03 
2.03 
2.03 
2.03 
2.05 
.03 
.05 
.03 
.05 
.03 


2. 
2. 
2. 
2. 
2. 


2.05 


2. 
2. 
2. 
2. 
2. 
2. 


.05 
.05 
.05 
.05 
.05 
.05 
2.05 
2.07 
2.05 
2.07 

2.05 
2.07 
2.05 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 

2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.08 
2.08 

2.08 
2.08 
2.08 
2.08 
2.10 
2.08 
2.08 
2.10 
2.08 
2.10 

2.10 

2.08 
2.10 
2.10 
2.10 
2.10 
2.10 
2.12 
2.10 


Tang. 


9.984837 
.985090 
.985343 
.985596 
.985848 
.986101 
986854 
.986607 
.986860 
.987112 
.987365 

9.987618 
.987871 
.988123 
.988376 
.988629 
.988882 
.989134 
.989387 
.989&J0 
.969693 

9.990145 
.990398 
.990661 
.990903 
.991156 
.991409 
.991662 
.991914 
.992167 
.992420 

9.992672 
.992925 
.993178 
.99»431 
.993683 
.993936 
.994189 
.994441 
.994694 
.994947 

9.995199 
.995452 
.995705 
.995957 
.996210 
.996463 
.996715 
.996968 
.997221 
.997473 

9.997726 
.997979 
.998231 
.998484 
.998737 
.998989 
.999-^42 
.999495 
.9<>9747 
10,000000 


D.  r. 


4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 

4.22 
4.20 
4.22 


.22 
.22 
.20 
.22 
.22 
4.22 
4.20 


4. 
4. 
4. 

4. 
4. 


4 

4, 
4, 

4. 
4. 
4. 


22 
22 
20 
22 
22 
22 


4.20 
4.22 
4.22 
4.20 

4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 

4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 

4.22 
4.20 
4.22 


,22 
,20 
22 
22 
20 


4.22 


D.  r.  !i  Cotang.  I  D.  1". 


Cotang. 


10.015163 
.014910 
.014657 
.014404 
.014152 
.013899 
.013646 
.013393 
.013140 
.012888 
.012635 

10.012382 
.012129 

.  .011877 
.011624 
.011871 
.011118 
.010866 
.010613 
.010360 
.010107 

10.009855 
.009602 
.009349 
.009097 
.008844 
.008591 
.008338 
.008086 
.0078^3 
.007580 

10.007328 
.007075 
.006822 
.006569 
.006317 
.006064 
.005811 
.005559 
.005306 
.005053 

10.004801 
.004548 
.004295 
.004043 
.003790 
.00a537 
.003285 
.003032 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 

48 

47 

46  i 

45 

44 

43 

42 

41 

40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
80 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 


.002779 

11 

.002527 

10 

10.002874 

9 

.002021 

8 

.001769 

7 

.001516 

6 

.001263 

5 

.001011 

4 

.000758 

3 

.00a505 

2 

.000253 

1 

10.000000 

0 

Tang. 


[403] 


TABLE  XX7I.-L0GARITHMIC  YERSED  SINES. 


TABLE  XXVI. -.LOGARITHMIC  VERSED  SINES 


0 

60 

lao 

180 
240 
800 

m) 

420 

480 
MO 

eoo 

000 
730 
780 
840 
900 
960 
1020 

loeo 

1140 

laoo 

1360 
1330 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 

1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 

2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
8000 

8060 
8120 
3180 
8240 
8800 
8860 
8420 
8480 
8540 
TOO 


Vera. 


6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
86 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Inf.  neg. 
2.6264^ 
8.228482 
8  '  .580665 

4  3.830542 

5  4.024362 


q-2l 


9.070 
120 


.182725 
.316618 
.432602 
.534907 
.626422 

4.709207 
.784784 
.854308 
.918678 
4.978604 
5.034661 
.087319 
.136966 
.183928 
.228481 

6.270859 
.811266 
.349876 
.386843 
.423300 
.456367 
.489148 
.5207^ 
.551216 
.580662 

5.609148 
.636719 
.663447 
.689377 
.714555 
.739023 
.762821 
.785985 
.808547 
.830537 

5.851966 
.872915 
.893358 
.913322 
.932841 
.951931 
.970611 
5.988898 
6.006807 
,024355 

6.041565 
.058421 
.074965 
.091201 
.107138 
.122789 
.138162 
.153268 
.168116 

6.182714 


120 
120 

120, 
120 

iiaoi 

,120; 
I  1201 

120  ' 

Ill9i 

119 

119 
119 
119 
119 
119 
119 
119 
119 
119 
119 

118 
118 
118 
118 
118 
118 
118 
117 
117 
117 

117 
117 
116 
116 
116 
116 
116 
115 
115 
115 

115 
114 
114 
114 
114 
113 
113 
113 
112 
112 

112 
111 
111 
111 
110 
110 
110 
109 
109 
109 


180 

120 
20 
20 
20 
20 
20 
20 
21 
21 
21 

22 
22 
22 
23 
23 


Ex.  sec. 


24  5 
24 
25 
25 
126 


26 
27 
28 
29 
29 
30 
31 
32 
33 
34 

84 
35 
36 
37 
38 
40 
41 
42 
43 
44 

45 
47 
48 
49 
51 
52 
54 
55 
57 
58 

60 
61 
63 
64 
66 
68 
69 
71 
73 
75 


Inf.  neg. 
2.6264^ 

3.228482 
.580665 
3.830542 
4.024363 
.182725 
.316619 
.432603 
.534908 
.626424 

.709209 
.784787 
.854312 
.918681 
.978608 
084666 
,087325 
.136972 
,183935 
,228488 


5.270868 
.311275 
.849886 
.386854 
.422312 
.456379 
.489161 
.520750 
.551231 
.580079 

5.609160 
.636738 
.60;i467 
.689398 
.714577 
.739047 
.762847 
.786012 
.80^575 
.830567 

5.a52016 
.872948 
.89;i387 
.913.357  I 
.932878 
.951970  I 
.970652  : 
5.988940  , 
6.006851 
.034401 

6.041602  I 
.058470 
.07'5017 
.091254 
.107194 
.122846 
.138222 
.15:3330 
.168180 

6.182780 


// 

0 

Vers. 

8600 

6,182714 

8660 

1 

.197071 

8720 

2 

.211194 

3780 

8 

.225091 

3)^ 

4 

.238770 

3900 

6 

.252236 

3960 

6 

.265497 

4020 

7 

.278558 

4080 

8 

.291426 

4140 

9 

.304106 

4200 

10 

.316603 

4260 

11 

6.328923 

4320 

12 

.341071 

4380 

13 

.353052 

4440 

14 

.364869 

4500 

15 

.376528 

4560 

16 

.388082 

4620 

17 

.399386 

4680 

18 

.410593 

4740 

19 

.421657 

4800 

20 

.432588 

4860 

21 

6.443372 

4920 

22 

.454029 

4980 

23 

.464557 

5040 

24 

.474959 

5100 

25 

.485238 

5160 

26 

.495:^ 

5220 

27 

.505438 

5280 

28 

.5153&4 

5340 

29 

.525178 

5400 

30 

.534882 

5460 

31 

6.544480 

5520 

32 

.553972 

5580 

33 

.563362 

5640 

34 

.572651 

5700 

35 

.581842 

5760 

36 

.590936 

5820 

37 

.599937 

5880 

38 

.608W5 

5940 

39 

.617(563 

6000 

40 

.626392 

6060 

41 

6.635034 

6120 

42 

.643691 

6180 

43 

.652064 

GS^ 

44 

.660456 

(>300 

45 

.668767 

6360 

46 

.677000 

6420 

47 

.685155 

6480 

48 

.6aS284 

6r>40 

49 

.701239 

6600 

50 

.709171 

6660 

51 

6.717080 

6720 

52 

.724820 

6780 

53 

.732540 

6840 

54 

.740192 

6900 

55 

.747777 

6960 

66 

.755297 

7020 

57 

.762752 

7080 

58 

.770144 

7140 

59 

.777473 

7200 

60  , 

6.784741 

" 

' 

q-2l 


9.070 

109  1 175 

108  177 
108  179 
108  1 181 
107  '182 
107  i  184 
106  186 
106  1188 
106  I  191 
105  ,193 


105 


195 


104  197 
104  1199 
103, '301 
103  I  204 


103 
102 
102 
101 
101 
100 

100 
099 
099 
098 
096 
097 
097 
096 
095 
095 

094 
094 
093 
(93 
092 
092 
091 
090 
090 
069 

089 
088 
087 
067 
086 
085 


206 

;206 

1211 

1213 

215 

218 

220 
223 
225 
228 
280 
233 
236 
288 
241 
244 

d(7 
249 
252 
255 
258 
261 
.2^ 
267 
270 
273 

276 
279 
282 
285 
289 
292 


Ex.  sec. 


085 

295 

064 

298 

083 

302 

083 

805 

062 

'806 

061 

312 

061 

315 

060 

319 

079 

322 

079 

326 

078 

829 

077 

333 

076 

837 

076 

840 

6.182780 
.19n39 
.211264 
.225164 
.238845 
.252314 
.265677 
.278641 
.291511 
.804193 
.316693 

6.829016 
.341167 
.853150 
.364970 
.876631 
.888138 
.399494 
.410705 
.421775 
.432700 

6.443493 
.4541.53 
.464684 
.475089 
.4853n 
.485532 
.605577 
.515606 
.525824 
.585031 

6.544632 
.554128 
.563521 
.572813 
.582008 
.501106 
.600110 
.609021 
.617843 
.626575 

6.635221 
.643782 
.652:^9 
.660655 
.668970 
.677206 
.685365 
.693448 
.701457 
.709393 

6.717257 
.725050 
.732775 
.740431 
.748020 
.755644 
.768004 
.770400 
.777733 

6.785005 


[406] 


^n 

AND 

EXTE] 

1 

RNAL  SECANTS. 

<%<& 

// 

f 

Vers. 

5° 
q  —  2l    Ex.  sec. 

II 

/ 

Vers. 

8« 

•22 

Ex.  sec. 

9.( 

)70 

9.0 

70* 

7300 

0:6.784741 

076 

340 

6.785006 

10800 

0 

7.136868 

001 

616 

7.137464 

7260 

1 

.791948 

075 

344 

792217 

10860 

1 

.141679 

019 

622 

.142281 

7320 

2 

.799096 

074 

348 

799370 

10920 

2 

.146464 

018 

627 

.147072 

7380 

3 

.806186 

073 

351 

806464 

10980 

3 

.151222 

017 

683 

.151837 

7440 

4 

.813219 

073 

355 

813501 

11040 

4 

.155954 

016 

638 

.156577 

7500 

5 

.820194 

072 

a59 

820482 

11100 

5 

.160661 

015 

644 

.161290 

75(50 

6 

.827115 

071 

363 

827406 

11100 

I  6 

.165342 

014 

650. 

.165978 

7620 

7 

.833980 

070 

367 

834277 

11220 

'  7 

.169998 

013 

655 

.170641 

7680 

8 

.840792 

070 

371 

841093 

11280 

8 

.174630 

Oil 

661 

.175279 

T740 

9 

.847551 

069 

375 

847857 

11340 

9 

.179286 

010 

667 

.179898 

7800.10 

.854257 

068 

379 

854568 

11400 

10 

.183819 

009 

673 

.184483 

7860' 11 

6.860912 

067 

383 

6. 

861228 

11460 

11 

7.188377 

008 

679 

7.189048 

7920' 12 

.867517 

066 

387 

807837 

11520 

12 

.192912 

007 

685 

.193589 

7980; 13 

.874071 

066 

391 

874396 

11580 

13 

.197423 

006 

690 

.198108 

8040' 14 

.880577 

065 

395 

880907 

11640 

14 

.201910 

004 

696 

.202602 

8100115 

.8870^4 

064 

399 

88r369 

11700 

15 

.206375 

003 

702 

.207074 

8160,16 

.893443 

063 

403 

89;?783 

11760 

16 

.210817 

002 

708 

.211523 

8220 

17 

.899806 

062 

407 

900151 

11820 

17 

.215236 

001 

714 

.215949 

8280 

18 

.906122 

061 

411 

906472 

11880 

18 

219633 

^00 

720 

.220363 

8340119 

.912393 

061 

416 

912748 

11940 

19 

.224007 

998 

727 

.224735 

8400:20 

.918618 

060 

420 

918979 

12000 

20 

.228360 

997 

733 

.229096 

8460l21 

6.924800 

059 

424 

6 

925165 

12060' 

21 

7.232691 

996 

739 

7.233483 

8520122 

.930937 

058 

429 

931308 

12120 

22 

.237000 

995 

746 

.237750 

8680 

23 

.937032 

057 

433 

937408 

12180 

23 

.241288 

994 

751 

.242046 

8640 

24 

.943084 

056 

437 

943465 

12240 

24 

.245555 

992 

757 

.246820 

8700 

25 

.949094 

055 

442 

.949480 

12300 

25 

.249801 

991 

764 

.250574 

8760  26 

.955063 

054 

446 

.955455 

12360 

26 

.254027 

990 

770 

.254807 

8820127 

.960991 

054 

451 

961388 

12420 

27 

.258232 

989 

776 

.259019 

8880  28 

.966879 

053 

455 

.967281 

12480 

28 

.262416 

987 

788 

.263212 

6940,29 

.972727 

052 

460 

.973135 

12540 

29 

.266581 

986 

789 

.267384 

9O00  30 

.978536 

051 

464 

.978949 

12600 

30 

.270726 

985 

795 

.271587 

9060  31 

6.984306 

050 

469 

6 

984725 

12660 

31 

7.274851 

983 

802 

7.275669 

9120  32 

.990039 

049 

474 

990463 

12720 

32 

.278956 

982 

808 

.279783 

9180  33 

6.995733 

048 

478 

6 

996164 

13780 

33 

.288043 

981 

815 

.283877 

9240!34 

7.001391 

047 

483 

7 

001827 

12840 

34 

.287110 

980 

821 

.287952 

9300135 

.007012 

046 

488 

.007464 

12900 

35 

.291158 

978 

828 

.292007 

9360  36 

.012597 

045 

493 

.013044 

12960 

36 

.295187 

977 

886 

.296045 

9420137 

.018146 

044 

497 

.018599 

13020 

37 

.299197 

976 

841 

.300068 

9480 

38 

.023660 

043 

502 

.024119 

13080 

88 

.803190 

974 

848 

.804068 

9540 

39 

.029139 

042 

507 

.029604 

13140 

39 

.307164 

973 

855 

.308045 

9600 

40 

.034584 

041 

512 

.035054 

13200 

40 

.811119 

972 

861 

.312009 

9660 

41 

7.039995 

040 

517 

7 

.040471 

13260 

41 

7.815057 

970 

868 

7.315955 

9720 

42 

.045372 

039 

522 

.045854 

13320 

42 

.318977 

969 

875 

.319883 

9780 

43 

.050716 

a38 

527 

.051204 

13380 

43 

.822880 

967 

882 

.323794 

9840 

44 

.056028 

037 

532 

.056522 

13440 

44 

.326765 

966 

889 

.;^687 

9900 

45 

.061307 

036 

537 

.061807 

13500 

45 

.380632 

965 

896 

.331563 

9960 

46 

.066554 

035 

542 

.007001 

13560 

46 

.884483 

963 

902 

.a35422 

looao 

47 

.071770 

034 

547 

.072282 

13620 

47 

.388316 

962 

908 

.339263 

10080 

48 

.076954 

033 

552 

077473 

13680 

48 

.342133 

961 

916 

.343089 

10140 

49 

.082108 

032 

567 

.082633 

13740 

49 

.3459a3 

959 

923 

.346897 

10200 

50 

.087232 

031 

562 

.087763 

13800 

50 

.849716 

958 

930 

.350689 

10260  61 

7.092325 

030 

568 

7 

092862 

13860 

51 

7.353483 

956 

938 

7.a54464 

10320  52 

.097389 

029 

573 

097932 

13920 

52 

.357238 

955 

945 

.358223 

10380  53 

.102423 

028 

578 

102973 

13980 

53 

.360968 

953 

952 

.361966 

10440  54 

.107428 

027 

584 

1079a5 

14040 

54 

.364686 

952 

959 

.365693 

10.'>00  55 

.112405 

026 

589 

112968 

14100 

55 

.368389 

951 

966 

.369404 

10560,56 

.117a'53 

025 

594 

117922 

14160 

56 

.372076 

949 

973 

.373100 

10630;  57 

.122273 

024 

600 

122849 

14220 

57 

.375747 

948 

981 

.876780 

10680  58 

.12n65 

023 

605 

127748 

14280 

58 

.379403 

946 

988 

.880444 

10740,59 

.132030 

022 

611 

132619 

14340 

59 

.383043 

945 

995 

.384094 

10600  60 

7.136868 

021 

616 

1. 

137464 

14400  60 

7.386668 

948 

^08 

7.88772^ 

•    '       11 

1 

»   '         1 

9.069* 

9.071* 

Moi\ 


TABLE  XXVI.-L0GAR1THMIC  VERSED  SINES 


4» 

6* 

0 

Vers. 

D.  1'. 

Ex.  sec. 

1 

D.  r. 

1 

0 

Vers. 

D.  r. 

1 
Ex.  sec.. 

D.  1'. 

7.386668 

60.17 

7.387728 

60.32  ' 

7.680389 

48.16 

7.582046 

48.33 

1 

.390278 

69. »^ 

.391347 

60.07 

1 

.68.3278 

47:98 

.584946 

48.17 

2 

.893874 

69.67 

.394951 

69.82 

2 

.686157 

47.82 

.587835 

48.00 

3 

.397454 

69.43 

.398540 

59.57 

3 

.589026 

47.67 

.690715 

47.87 

4 

.401020 

69.18 

.402114 

69.33 

4 

.691886 

47.62 

.693587 

47.70 

5 

.404571 

68.93 

.405674 

69.10 

6 

.694737 

47.35 

.696449 

47.53 

6 

.408107 

68.70 

.409220 

58.85 

6 

.697578 

47.20 

.699301 

47.38 

7 

.411629 

58.47 

.412751 

68.62 

7 

.600410 

47.05 

.602144 

47.25 

8 

.415137 

58.23 

.416268 

58.38 

8 

.603283 

46.90 

.604979 

47.08 

9 

.418631 

58.00 

.419771 

68.15 

9 

.606047 

47.73 

.607804 

46.92 

10 

.422111 

57.77 

.423260 

67.92 

10 

.608861 

46.60 

.610619 

46.78 

11 

7.425577 

57.. 53 

7.426735 

67.70 

11 

7.611647 

46.43 

7.613426 

46.63 

12 

.429029 

57.30 

.430197 

67.45 

12 

.614433 

46.30 

.616224 

46.48 

13 

.432467 

67.08 

.433644 

67.25 

13 

.617211 

46.15 

.619013 

46.  a5 

14 

.435892 

56.85 

.437079 

57.00 

14 

.619980 

45.98 

.621794 

46.18 

15 

.439303 

56.63 

.440499 

56.80 

16 

.622739 

45.87 

.624665 

46.05 

16 

.442701 

56.42 

.443907 

56.57 

16 

.62i>491 

45.70 

.627828 

45.90 

17 

.446086 

56.20 

.447301 

56.36 

17 

.628233 

45.67 

.630082 

45.75 

18 

.449458 

55.97 

.450682 

66.13 

18 

.630967 

45.42 

.632827 

45.62 

19 

.452816 

55.77 

.454050 

55.92 

19 

.638692 

46.28 

.685664 

45.48 

20 

.456162 

66.56 

.467406 

65.72 

20 

.636409 

46.13 

.638293 

45.33 

21 

7.459495 

65.38 

7.460748 

56.48 

21 

7.639117 

44.98 

7.641013 

45.18 

22 

.462815 

65.12 

.464077 

55.28 

22 

.641816 

44.87 

.643724 

45.07 

23 

.466122 

54.92 

.467394 

55.08 

23 

.644508 

44.72 

.646428 

44.90 

24 

.46W17 

54.70 

.470699 

54.87 

24 

.647191 

44.57 

.649122 

44.78 

25 

.472699 

54.50 

.473991 

54.65 

26 

.649866 

44.45 

.651809 

44.65 

26 

.475969 

64.28 

.477270 

64.47 

26 

.652532 

44.80 

.654488 

44.50 

27 

.479226 

64.10 

.480638 

64.25 

27 

.665190 

44.17 

.657158 

44.37 

28 

.482472 

53.88 

.4837913 

54.05 

28 

.657840 

44.05 

.669820 

44.23 

29 

.485705 

53.70 

.487036 

53.85 

29 

,660483 

43.90 

.662474 

44.12 

30 

.488927 

53.48 

.490267 

68.67 

30 

.663117 

43.77 

.665121 

43.97 

31 

9.492136 

53.28 

7.493487 

58.45 

81 

7.665743 

43.63 

7.667759 

43.83 

32 

.495333 

63.10 

.496694 

53.27 

32 

,668361 

43.50 

.670389 

43.73 

m 

.498519 

52.90 

.499890 

53.07 

33 

.670971 

43.38 

.673012 

43  57 

34 

.501693 

52.72 

.603074 

52.88 

U 

.673574 

43.23 

.675626 

43.45 

35 

.504856 

52.52 

.506247 

52.68 

36 

.676168 

43.12 

.678233 

43.33 

36 

.508007 

52.33 

.509408 

62.50 

36 

.678755 

42.98 

.6808;^ 

43.18 

37 

.611147 

52.13 

.512558 

52.32 

37 

.681334 

42.87 

.688424 

43.07 

38 

.514275 

61.95 

.515697 
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9.17 

.045442 

.10.20 

61 

8.966559 

9.55 

9.008755 

10.53 

51 

9.000266 

9.18 

9.046054 

10.18 

52 

.967132 

9.55 

•009387 

10.52 

52 

.000817 

9.17 

.046665 

10.18 

58 

.967705 

9.58 

.010018 

10.52 

53 

.001867 

0  15 

.0471876 

10.18 

54 

.968277 

9.53 

.010649 

10.52 

54 

.001916 

9.17 

.047887 

10.18 

55 

.968849 

9.53 

.011280 

10.50 

55 

.002466 

9.13 

.048496 

10.17 

56 

.969421 

9.52 

.011910 

10.50  : 

56 

.003014 

9.15 

.049106 

10.17 

57 

.969992 

9.52 

.012540 

10.50  : 

57 

.003563 

9.18 

.049718 

10.17 

58 

.970563 

9.50 

.013170 

10.48  1 

58 

.004111 

9.18 

.050828 

10.15 

59 

.971138 

9.50 

.013799 

10.48 

59 

.004659 

9.12 

.060987 

10.15 

60 

8.971708 

9.50 

9.014428 

10.47 

60 

9.006206 

9.12 

9.051646 

10.15 
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Vers. 
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D.  1' 

0 

Vers. 
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9.005206 

9.12 

9.051546 

10.15 

9.087401 

8.77 

9.087520 

9.83 

1 

.005753 

9.12 

.052155 

10.13 

1 

.037927 

8.75 

.088110 

9.88 

2 

.006300 

9.10 

.052763 

10.13 

2 

.088452 

8.77 

.088700 

9.88 

3 

.006816 

9.10 

.053371 

10.13 

3 

.038978 

8.75 

.069290 

9.83 

4 

.007892 

9.10 

.053979 

10.12 

4 

.089503 

8.73 

.089680 

9.82 

5 

.007938 

9.08 

.054586 

10.12 

5 

.040027 

8.75 

.090469 

9.82 

6 

.008483 

9.08 

.055193 

10.12 

6 

.040552 

8.73 

.091068 

9.82 

7 

.009028 

9.07 

.055800 

10.10 

7 

.041076 

8.72 

.091647 

9.80 

8 

•  .009572 

9.07 

.056406 

10.10 

8 

.041599 

8.78 

.092285 

9.80 

9 

.010116 

9.07 

.057012 

10.10 

9 

.042128 

8.72 

.092823 

9.80 

10 

.010660 

9.05 

.057618 

10.10 

10 

.042646 

8.70 

.093411 

9.78 

11 

9.011803 

9.05 

9.058224 

10.08 

11 

9.043168 

8.72 

9.098996 

9.80 

12 

.011746 

9.05 

.058829 

10.08 

12 

.043691 

8.70 

.094686 

9.78 

13 

.012289 

9.03 

.059434 

10.07 

13 

.044213 

8.70 

.0961?^ 

9.77 

14 

.012831 

9.03 

.060638 

10.08 

14 

.044735 

8.68 

.096769 

9.78 

15 

.013873 

9.03 

.060643 

10.07 

15 

.046256 

8.68 

.096346 

9.77 

16 

.013915 

9.02 

.061247 

10.05 

16 

.045777 

8.68 

.096982 

9.77 

17 

.014466 

9.02 

,061850 

10.07 

17 

.046296 

8.67 

.097618 

9.76 

18 

.014997 

9.02 

.062454 

10.05 

18 

.046818 

8.67 

.098103 

9.77 

19 

.015538 

9.00 

.063057 

10.03 

19 

.047338 

8.67 

.098689 

9.76 

20 

,016078 

9.00 

.063659 

10.05 

20 

.047856 

8.65 

.099274 

9.78 

21 

9.016618 

8.98 

9.064262 

10.03 

21 

9.048877 

8.65 

9.099658 

9.75 

22 

.017157 

9.00 

.064864 

10.03 

22 

.048896 

8.65 

.100148 

9.73 

23 

.917697 

8.97 

.065466 

10.02 

23 

.049415 

8.68 

.101027 

9.73 

24 

.018235 

8.98 

.066067 

10.02 

24 

.049938 

8.63 

.101611 

9.72 

25 

.018774 

8.97 

.066668 

10.02 

25 

.050451 

8.63 

.102194 

9.73 

26 

.019813 

8.97 

.067269 

10.02 

26 

.050969 

8.63 

.102778 

9.72 

27 

.019850 

8.95 

.067870^ 

10.00 

27 

.051487 

8.62 

.108361 

9.70 

28 

.020387 

8.95 

.068470 

10.00 

28 

.052004 

8.60 

.108943 

9.72 

29 

.020924 

8.95 

.069070 

10.00 

29 

.052520 

8.62 

.104526 

9.70 

bO 

.021461 

8.93 

.069670 

9.96 

30 

.053037 

8.60 

.105108 

9.70 

31 

9.021997 

8.93 

9.070269 

9.98 

81 

9.053553 

8  60 

9.105690 

9.68 

32 

.022533 

8.93 

.070868 

9.98 

32 

.054069 

8.58 

.106271 

9.70 

33 

.023069 

8.92 

.071467 

9.97 

33 

.054584 

8.58 

.106863  > 

.  9.68 

34 

.023604 

8.92 

.072065 

9.97 

34 

.055099 

8.68 

,107434 

9.68 

35 

.024139 

8.90 

.072663 

9.97 

35 

.055614 

8.58 

.108015 

9.67 

36 

.024673 

8.92 

.073261 

9.97 

86 

.056129 

8.57 

.106695 

9.67 

37 

.025208 

8.90 

.073859 

9.95 

37 

.056648 

8.57 

.109175 

9.67 

38 

.025742 

8.88 

.074456 

9  95 

38 

.057157 

8.55 

.109755 

9.67 

39 

.026275 

8.88 

.075053 

9.93 

39 

.057670 

8.55 

.110335 

9.65 

40 

.026806 

8.88 

.075649 

9.95 

40 

.058183 

8.55 

.110914 

9.67 

41 

9.027341 

8.88 

9.076246 

9.93 

41 

9.058696 

8.65 

9.111494 

9.63 

42 

.027874 

8.87 

.076842 

9.92 

42 

.059209 

8.53 

.112072 

9.65 

43 

.028406 

8.87 

.077437 

9.93 

43 

.069721 

8.53 

.112651 

9.68 

44 

.028938 

8.85 

.078033 

9.92 

44 

.060233 

8.53 

.113229 

9.68 

45 

.029469 

8.85 

.078628 

9.92 

45 

.060745 

8.52 

.118807 

9.63 

46 

.030000 

8.85 

.079223 

9.90 

46 

.061256 

8.62 

.114885 

9.68 

47 

.030531 

8.85 

.079817 

9.92 

47 

.061767 

8.50 

.114963 

9.62 

43 

.031062 

8.83 

.080412 

9.90 

48 

.062277 

8.62 

.115540 

9.62 

49 

.031592 

8.83 

.081006 

9.88 

49 

.062788 

8.50 

.116117 

9.60 

50 

.032122 

8.82 

.081599 

9.90 

50 

.063298 

8.48 

.116693 

9.62 

51 

9.032651 

8.82 

9.082193 

9.88 

51 

9.063807 

8.60 

9.117270 

9.60 

52 

.033180 

8.82 

.082786 

9.87 

;  52 

.064317 

8.48 

.117846 

9.60 

53 

.033709 

8.80 

.083378 

9.88 

'  53 

.064826 

8.48 

.118422 

9.58 

54 

.03423? 

8.80 

.083971 

9.87 

54 

.065385 

8.47 

.118997 

9.60 

55 

.034765 

8.80 

.084563 

9.87 

55 

.065843 

8.47 

.119573 

9.68 

56 

.035293 

8.78 

.085155 

9.87 

66 

.066351 

8.47 

.120148 

9.58 

57 

.035820 

8.78 

.085747 

9.85 

57 

.066859 

8.45 

.120728 

9.57 

58 

.036347 

8.78 

.086338 

9. 85 

58 

.067366 

8.47 

.121297 

9.57 

59 

.036874 

8.78 

.086929 

9.85 

1  59 

.067874 

8.43 

.121871 

9.5" 

60 

9.037401 

8.77 

9.087520 

9.83 

1  60 

9.068380 

8.46 

9.122446 

9. 
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D.  r. 

0 

9.068880 

8.45 

9.122415 

9.57 

1 

.068887 

8.43 

.123019 

9.57 

2 

.069393 

8.43 

.123593 

9.55 

3 

.069899 

8.43 

.i;J1166 

9.55 

4 

.07(M03 

8.42 

.121739 

9.53 

5 

.070910 

8.42 

.125311 

9.55 

6 

.071415 

8.40 

.12.58^4 

9.53 

7 

.071919 

8.42 

.126456 

9.53 

8 

.0724^ 

8.40 

.127028 

9.52 

9 

.072928 

8.40 

.127599 

9.53 

10 

.073432 

8.38 

.128171 

9.52 

11 

9.073935 

8.38 

9.128742 

9.52 

12 

.074438 

s.m 

.129313 

9.50 

13 

.074941 

8.37 

.129883 

9.50 

14 

.075443 

8.38 

.130453 

9.50 

15 

.075946 

8.35 

.131023 

9.50 

16 

.076447 

8.37 

.131593 

9.50 

17 

.076949 

8.35 

.132163 

9.48 

18 

.077450 

8.35 

.132732 

9.48 

19 

.077951 

8.35 

.1^3301 

9.48 

» 

.07&452 

8.33 

.133870 

9.47 

>A 

9.078952 

8.33 

9.134438 

•  .47 

i2 

.079452 

8.33 

.ia5006 

9.47 

iS 

.079952 

8.32 

.135574 

9.47 

a 

.080451 

8.32 

.136142 

9.45 

i5 

.080950 

8.32 

.136709 

9.47 

m 

.081449 

8.32 

.137277 

9.45 

37 

.081948 

8.30 

.137844 

9.43 

28 

.082446 

8.30 

.138410 

9.45 

W 

.082944 

8.28 

.138977 

9.43 

30 

.083441 

8.80 

.139543 

9.43 

Jl 

9.083939 

8.28 

9.140109 

9.42 

i2 

.084436 

8.27 

.140674 

9.43 

« 

.064932 

8.28 

.141240 

9.42 

U 

.08^429 

8.27 

.141805 

9.42 

35 

.085925 

8.25 

.142370 

9.40 

Hi 

.086420 

8.27 

.142934 

9.42 

i7 

.086916 

8.25 

.143199 

9.40 

iS 

.087411 

8.25 

.144063 

9.40 

iii 

.087906 

8.23 

.144627 

9.38 

10 

.088400 

8.25 

145190 

9.40 

11 

9.088895 

8.23 

9.145754 

9.38 

12 

.089389 

8.22 

.146317 

9.:38 

13 

.089882 

8.23 

.146880 

9.37 

14 

.090376 

8.22 

.147442 

9.38 

15 

.090869 

8.22 

.148005 

9.37 

Iti 

.091362 

8.20 

.148507 

9.37 

17 

.09iaj4 

8.20 

.149129 

9.35 

18 

.092346 

8.20 

.149690 

9.35 

19 

.092838 

8.20 

.150251 

9.:37 

50 

.093330 

8.18 

.150813 

9.33 

51 

9.093821 

8.18 

9.151373 

9.35 

)2 

.094312 

8.18 

.151934 

9.33 

>3 

094803 

8.17 

. 152494 

9.35 

V4 

.095293 

8.17 

.15;W55 

9.32 

55 

.09578:} 

8.17 

.15:3614 

9.33 

56 

.09627:^ 

8.17 

.154174 

9.32 

57 

.096763 

8.15 

.1547:33 

9.33 

58 

.097252 

8.15 

.155293 

9.:30 

59 

.097741 

8.13 

.155851 

9.32 

50 

9.098229 

8.15 

9.156410 

9.30 
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1 

2 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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18 

19 

20 
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22 
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24 
25 
26 
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29 
30 
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33 
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35 
36 
37 
38 
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40 

41 
42 
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44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
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Vers. 


D.  l".i  Ex.  sec. 


9.098229 
.098718 
.099206 
.099693 
.100181 
.100668 
.101155 
.101642 
.102128 
.102614 
.103100 

9.103585 
.104070 
.104555 
.105040 
.105524. 
.106008 
.106491 
.106975 
.107458 
.107941 

9.108423 
.108906 
.109388 
.109869 
.110351 
.110832 
#111313 
.111793 
.112278 
.112753 

9.118238 
.113718 
.114192 
.1146n 
.115149 
.115627 
.116105 
.116583 
.117061 
.117538 

9.118015 
.118491 
.118968 
.11JM44 
.119919 
.120895 
.120870 
.121345 
.121820 
.122294 

9.122768 
.123242 
.123715 
.124189 
.121062 
.125134 
.125007 
.126079 
.126551 

9.127022 


8.15 
8.13 
8.12 
8.13 
8.12 
8.12 
8.12 
8.10 


8. 
8. 


10 
10 


8. 
8. 


8.08 

8.08 
8.08 
8.08 
8.07 
8.07 
8.05 
8.07 
8.05 
8.05 
8.03 

8.05 
8.03 
8.02 
8.03 
8.02 
8.02 
.00 
,C0 
8.00 
8.00 

8.00 
7.98 
7.98 
7.97 
7.97 
7.97 
7.97 
7.97 
7.95 
7.95 

7.93 
7.96 
7.93 
7.92 
7.90 
7.92 
7.92 
7.92 
7.90 
7.90 

7.90 
7.88 
7.90 
7.88 
7.87 
7.88 
7.87 
7.87 
7.85 
7.87 


9. 


9. 


9, 


9. 


9 


9. 


9. 


5(>410 
56968 
.57527 
58064 
58642 
59200 
59757 
60314 
60870 
61427 
61983 

62539 
63095 
63650 
64205 
64760 
65815 
65870 
66424 
66978 
67532 

68065 
68639 
69192 
69745 
70297 
70850 
71402 
71954 
?2505 
73057 

73608 
74159 
74710 
75260 
75810 
76360 
76910 
77460 
78009 
76558 

79107 
79656 
80204 
80752 
81300 
81848 
82395 
82943 
83490 
84036 

84583 
85129 
85675 
86221 
86767 
87312 
87858 
88408 
88947 
89492 


D.  1". 

9.30 
9.32 
9.28 
9.30 
9-30 
9.2K 
9.28 
9.27 
9.28 
9.27 
9.27 

9.27 
9.25 
9.25 
9.25 
9-25 
9-25 
9.23 
9-23 
9.2:3 
9-22 

9.23 
9.22 
9.22 

9.20 
9.22 
9.20 
9.20 
9.18 
9.20 
9.18 

9.18 
9.18 
9.17 
9.17 
9.17 
9.17 
9.17 
9.15 
9.15 
9.15 

9.15 
9.13 
9.13 
9.13 
9.13 
9.12 
9.13 
9.12 
9.10 
9.12 

9.10 
9-10 
9.10 
9-10 
9.08 
9.l5 
9.08 
9.07 
9.08 
9.07 


[420] 


AND  EXTERNAL  SECANTS. 


30» 

31« 

0 

Vers. 
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Vera. 

D.  r. 
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D.  1". 

9.1270S22 

7.87 

9.189492 

9.07 

9.154828 

7.58 

9.221762 

8.85 

1 

.137494 

7.85 

.190036 

9-.  07 

1 

.155283 

7.58 

.222293 

8.87 

2 

.127965 

7.85 

.190580 

9.07 

2 

,155738 

7.58 

.222825 

8.83 

3 

.128436 

7.83 

.191124 

9.07 

3 

.156193 

7.58 

.223355 

s.m 

4 

.128906 

7.83 

.191668 

9.05 

4 

.156648 

7.57 

.228886 

8.83 

5 

.129376 

7.83 

.192211 

9.05 

5 

.157102 

7.57 

.224417 

8.83 

6 

.129846 

7.83 

.192754 

9.05 

6 

.157556 

7.57 

.224947 

8.88 

.130316 

7.82 

.193297 

9.05 

7 

.158010 

7.57 

.225477 

8.83 

8 

.130785 

7.83 

.193840 

9.03 

8 

.158464 

7.55 

.226007 

8.88 

9 

.131255 

7.82 

.194382 

9.05 

9 

.158917 

7.55 

.226537 

8.82 

10 

.131724 

7.80 

.194925 

9.03 

10 

.159370 

7.55 

.227066 

8.82 

11 

9.132192 

7.80 

9.195467 

9.03 

11 

9.159823 

7.55 

9.227595 

8.83 

12 

.138660 

7.82 

.196009 

9.02 

12 

.160276 

7.53 

.228125 

8.80 

13 

.188129 

7.78 

.196550 

9.03 

13 

.160728 

7.53 

.228653 

8.82 

14 

.133596 

7.80 

.197092 

9.02 

14 

.161180 

7.53 

.229182 

8.82 

15 

.134064 

7.78 

.197633 

9.02 

15 

.161632 

7.52 

.229711 

8.80 

16 

.134531 

7.78 

.198174 

9.02 

16 

.162083 

7.53 

.230239 

8.80 

17 

.134998 

7.78 

.198715 

9.00 

17 

.162535 

7.52 

.230767 

8.80 

18 

.135465 

7.77 

.199255 

9.00 

18 

.162986 

7.52 

.231295 

8.78 

19 

.135931 

7.77 

.199795 

9.00 

19 

.16;i437 

7.50 

.231822 

8.80 

20 

.136397 

7.77 

.200335 

9.00 

20 

.16:3887 

7.52 

.232350 

8.78 

21 

9.136863 

7.77 

9.200675 

9.00 

21 

9.164338 

7.50 

9.2.32877 

8.78 

23 

.137329 

7.75 

.201415 

8.98 

22 

.164788 

7.48 

.233404 

8.78 

23 

.137794 

7.77 

.201954 

9.00 

23 

.165237 

7.50 

.233931 

8.78 

24 

.138260 

7.73 

.202494 

8.97 

24 

.165687 

7.48 

.284458 

8.77 

25 

.138724 

7.75 

.203a32 

8.98 

25 

.166136 

7.48 

.234984 

8.77 

26 

.139189 

7.73 

.203571 

8.98 

26 

.166585 

7.48 

.235510 

8.77 

27 

.139653 

7.73 

.204110' 

8.97 

27 

.167034 

7.48 

.236036 

8.77 

28 

.140117 

7.73 

.204648 

8.97 

28 

.167483 

7.47 

.236562 

8.77 

29 

.140581 

7.73 

.205186 

8.97 

29 

.167931 

7.47 

.237088 

8.75 

30 

.141045 

7.72 

.205724 

8.97 

30 

.168379 

7.47 

.237613 

8.77 

31 

9.141508 

7.ra 

9.206262 

8.95 

31 

9.168827 

7.47 

9.288139 

8.75 

32 

.141971 

7.72 

.206799 

8.97 

32 

.169275 

7.45 

.238664 

8.75 

33 

.142434 

7.70 

.207337 

8.95 

33 

.169722 

7.45 

.239189 

8.73 

34 

.142896 

7.70 

.207874 

8.93 

34 

.170169 

7.45 

.239713 

8.75 

,35 

.148358 

7.70 

.208410 

8.95 

35 

.170616 

7.43 

.240238 

8.73 

36 

.143820 

7.70 

.208947 

8.93 

36 

.171062 

7.46 

.240762 

8.73 

37 

.144282 

7.68 

.209483 

8.95 

37 

.171509 

7.43 

.241286 

8.73 

38 

.144743 

7.68 

.210020 

8.93 

38 

.171955 

7.42 

.241810 

8.72 

39 

.145204 

7.68 

.210556 

8.92 

39 

.172400 

7.43 

.242333 

8.73 

40 

.145665 

7.68 

.211091 

8.93 

40 

.172846 

7.42 

.242857 

8.72 

41 

9.146126 

7.67 

9.211627 

8.92 

41 

9.173291 

7.42 

9.243380 

8.72 

42 

.146586 

7.67 

.212162 

8.92 

42 

.173736 

7.42 

.248903 

8.72 

43 

.147046 

7.67 

.212697 

8.92 

43 

.174181 

7.42 

.244426 

8.72 

44 

.147506 

7.67 

.213232 

8.92 

44 

.174626 

7.40 

.244949 

8.70 

45 

.147966 

1.e6 

.213707 

8.90 

45 

.175070 

7.40 

.245471 

8.72 

46 

.148425 

7.65 

.214301 

8.92 

46 

.175514 

7.40 

.245994 

8.70 

47 

.148884 

7.65 

.2148:36 

8.90 

47 

.175958 

7.40 

.246516 

8.70 

48 

.149343 

7.63 

.215370 

8.90 

48 

.176402 

7.38 

.2470:38 

8.08 

49 

.149801 

7.63 

.215904 

8.88 

49 

.176845 

7.38 

.247559 

8.70 

50 

.150259 

7.63 

.216437 

8.90 

50 

.177288 

7.38 

.248081 

8.68 

51 

9.150717 

7.63 

9.216911 

8.88 

51 

9.177731 

7.38 

9.248602 

8.68 

52 

.151175 

7.63 

.217504 

8.88 

52 

.178174 

7.37 

.249123 

8.68 

53 

.151633 

7.62 

.218037 

8.88 

53 

.178616 

7.37 

.249644 

8.f)8 

M 

.152090 

7.62 

.218570 

8.87 

54 

.179058 

7.37 

.250165 

8.68 

55 

.152547 

7.60 

.219102 

8.88 

55 

.179500 

7.37 

.250686 

8.67 

56 

.153003 

7.62 

.219a35 

8.87 

56 

.179942 

7.35 

.251206 

8.67 

57 

.153460 

7.60 

.220167 

8.87 

57 

.18a383 

7.37 

.251726 

8.67 

58 

153916 

7.60 

.220699 

8.87 

58 

.18aS25 

7.33 

.252246 

8.67 

59 

.154372 

7.60 

.221231 

8.85 

59 

.181265 

7.35 

.252766 

8.67 

60 

9.154828 

7.58 

9.221762 

8.85  1 

I  60 

9.181706 

7.35 

9.253286 

8.65 

[421] 


TABLE  IXVI.-LOGARITHMIO  VEBSED  SINES 


82» 

83» 

• 

0 

Vers. 

D.r. 

Ex.  sec. 

D.r. 

;  0 

Vers. 

D.r. 

Ex.  sec. 

D.  1-. 

9.181706 

7.85 

9.253286 

8.65 

9.207ri4 

7.10 

9.284122 

8.48 

1 

.182147 

7.38 

.253805 

8.65 

1- 

.206140 

7.10 

.284681 

8.47 

2 

.182687 

7.88 

.264824 

8.65 

2 

.206666 

7.10 

.285189 

8.47 

8 

.183027 

7.32 

.254848 

8.65 

8 

.208092 

7.10 

.286647 

8.47 

4 

.188466 

7.33 

.266862 

8.65 

4 

.200418 

7.08 

.286156 

8.47 

6 

.183906 

7.32 

.255881 

8.63 

5 

.209843 

7.08 

.286668 

8.45 

6 

.184346 

7.32 

.256399 

8.65 

6 

.210268 

7.08 

.287170 

8.47 

7 

.184784 

7.82 

.266918 

8.68 

7 

.210093 

7.08 

.287678 

8.45  , 

8 

.186228 

7.32 

.257436 

8.63 

8 

.211118 

7.08 

.288185 

8.45' 

9 

.186662 

7.80 

.257954 

8.62 

9 

.211543 

7.07 

.288602 

8.46' 

10 

.186100 

7.80 

.258471 

8.68 

i  10 

.211967 

7.07 

.280199 

8  43 

11 

9.186588 

7.80 

9.258989 

8.62 

11 

9.212891 

7.07 

9.289706 

8.45 

13 

.186976 

7.28 

.259506 

8.62 

12 

.212816 

7.07 

.290212 

8.43 

18 

.187418 

7.80 

.260023 

8.62 

18 

.218289 

7.06 

.290718 

8.43 

14 

.187851 

7.28 

.260540 

8.62 

14 

.218662 

7.05 

.291224 

8.43 

15 

.188288 

7.27 

.261057 

8.62 

15 

.214086 

7.05 

.291780 

8.43 

16 

.188724 

7.28 

.261574 

8.60 

16 

.214606 

7.05 

.292236 

8.43 

17 

.189161 

7.27 

.262090 

8.60 

17 

.214981 

7.05 

.292742 

8.42 

18 

.189597 

7.28 

.262606 

8.60 

18 

.215854 

7.08 

.298247 

8.43 

19 

.190034 

7.25 

.263122 

8.60 

19 

.215Tr6 

7.03 

.298753 

8.42 

20 

.190469 

7.27 

.268638 

8.60 

20 

.216196 

7.08 

.294266 

8.42, 

21 

9.190905 

7.27 

9.264164 

8.68 

21 

9.216600 

7.08 

9.294768 

8.42 

22 

.191341 

7.26 

.264669 

8.68 

22 

.217042 

7.02 

.205268 

8.40 

28 

.1917r6 

7.25 

.265184 

8.60 

28 

.217468 

7.02 

.295778 

8.42 

24 

.192211 

7.28 

.265700 

8.57 

24 

.217884 

7.02 

.296277 

6.40 

25 

.192645 

7.25 

.266214 

8.58 

25 

.218805 

7.02 

.296781 

8.40 

26 

.193080 

7.28 

.266729 

8.58 

26 

.2187^ 

7.00 

.297286 

8.40 

27 

.193514 

7.28 

.267244 

8.57 

27 

.219146 

7.02 

.297789 

8.40 

28 

.193948 

7.28 

.267758 

8.57 

28 

.219667 

7.00 

.296298 

8.40 

29 

.194882 

7.22 

.268272 

8.57 

29 

.219967 

7.00 

.298797 

8.38 

30 

.194815 

7.28 

.268786 

8.57 

80 

.220407 

6.98 

.299800 

8.38 

81 

9.195249 

7.22 

9.269800 

8.57 

81 

9.220626 

7.00 

9.299606 

8.40 

32 

.195682 

7.22 

.269814 

8.55 

82 

.2I»246 

6.98 

.800807 

8.87 

83 

.196115 

7.20 

.270827 

8.55 

88 

.281065 

6.98 

.300609 

8.88 

84 

.196547 

7.22 

.270840 

8.57 

84 

.222U64 

6.98 

.801812 

8.3d 

85 

.196980 

7.20 

.271854 

8.58 

36 

.222508 

6.97 

.801815 

8.37 

86 

.197412 

7.20 

.271866 

8.56 

36 

.222921 

6.98 

.802817 

8.88 

87 

.197844 

7.18 

.272379 

8.65 

87 

.223840 

6.97 

.802820 

8.37 

88 

.198275 

7.20 

.272892 

8.53 

38 

.228758 

6.97 

.808822 

8.87' 

39 

.198707 

7.18 

.273404 

8.53 

39 

.224176 

6.95 

.H08H24 

8.35 

40 

.199138 

7.18 

.273916 

8.63 

40 

.224598 

6.97 

.804826 

6.37 

41 

9.199569 

7.18 

9.274428 

8.58 

41 

9.226011 

6.95 

9.801627 

8.35 

42 

.200000 

7.17 

.274940 

8.53 

42 

.226428 

6.96 

.306828 

8.37, 

48 

.200430 

7.18 

.275452 

8.52 

43 

.'225845 

6.95 

.806680 

8.36  1 

44 

.200861 

7.17 

.275963 

8.52 

44 

•  ^i^0\3Af\Mti0 

6.98 

.806881 

8.35 

45 

.201291 

7.15 

.276474 

8.53 

45 

.226678 

6.95 

.806682 

8.35' 

46 

.201720 

7.17 

.276986 

8.50 

46 

.227095 

6.93 

.807888 

8.33 

47 

.202150 

7.15 

.277496 

8.52 

47 

.227511 

6.93 

.807888 

8.35  1 

48 

.202579 

7.15 

.278007 

8.52 

48 

.227927 

6.92 

.806884 

8.38 

49 

.203008 

7.15 

.278518 

8.50 

49 

.228842 

6.98 

.808684 

8.33 

60 

.208487 

7.16 

.279028 

8.50 

50 

.228758 

6.92 

.800834 

8.33 

51 

9.208866 

7.13 

9.279538 

8.50 

51 

9.229173 

6.92 

9.809684 

6.83 

52 

.204294 

7.15 

.280048 

8.50 

52 

.229688 

6.92 

.810884 

8.83 

53 

.204728 

7.13 

.2805.-18 

8.50  1 

53 

.230003 

6.92 

.810684 

8.32 

54 

.205151 

7.12 

.281068. 

8.48  1 

1  54 

.230418 

6.90 

.811883 

6.32 

55 

.2a'5578 

7.13 

.281577 

8.50  i 

55 

.230882 

6.90 

.311882 

8.32 

56 

.206006 

7.18 

.282087 

8.48  ! 

56 

.281246 

6.90 

.812881 

6.32 

57 

.2064a3 

7.12 

.282596 

8.48  ' 

57 

.231660 

6.90 

.812680 

8.% 

58 

.206860 

7.12 

.283105 

8.48 

58 

.282074 

6.88 

.818829 

6.32 

59 

.207287 

7.12 

.283614 

8.47 

59 

.282467 

6.90 

.818888 

8.30 

60 

9.20Tn4 

7.10 

9.284122 

8.48 

60 

9.282901 

688 

9.314826 

8.32 

[422) 


AND  EXTERNAL  SECANTS. 


/ 

T 

34- 

850 

• 

Vers. 

D.  r. 

Ex.  sec. 

D.r. 

/ 
0 

Vers. 

D.r. 

Ex.  sec. 

D.  r. 

. 

9.232901 

6.88 

9.314826 

8.32 

9.257314 

6.67 

9.348949 

8.16 

1 

.238314 

6.88 

.314825 

8.30  i 

1 

.257714 

6.68 

.344438 

8.15 

2 

.283727 

6.87 

.315323 

8.30 

2 

.258115 

6.67 

.844927 

8.15 

8 

.234139 

6.88 

.315821 

8.30 

3 

.258515 

6.67 

.345416 

8.18 

4 

.234552 

6.87 

.316319 

8.30 

4 

.258915 

6.66 

.345904 

8.15 

5 

.234964 

6.87 

.816817 

8.28 

5 

:259314 

6.67 

.346393 

8.18 

6 

.285376 

6.87 

.817314 

8.28 

6 

.259n4 

6.66 

.346881 

8.13 

7 

.236788 

6.85 

.817811 

8.30 

7 

.260113 

6.66 

.347369 

8.13 

8 

.236199 

6.87 

.318809 

8.28 

8 

.260512 

6.66 

.347857 

8.13 

9 

.286611 

6.85 

.818806 

8.28 

9 

.260911 

6.65 

.348345 

8.13 

10 

.287022 

6.85 

.319303 

8.27  1 

1 

10 

.261310 

6.65 

.348833 

8.13 

11 

9.237438 

6.85 

9.819799 

8.28 

11 

9.261709 

6.63 

9.849321 

8.12 

ii2 

.237844 

6.83 

.320296 

8.27 

12 

.262107 

6.63 

.849806 

8.12 

18 

,238254 

6.86 

.820792 

8.28 

13 

.262606 

6.68 

.860296 

8.12 

14 

.288065 

6.83 

.821289 

8.27 

14 

.262903 

6.63 

.850782 

8.12 

15 

..289076 

6.83 

.321785 

8.27 

15 

.263801 

6.62 

.361269 

8.12 

16 

.239485 

6.82 

.822281 

8.25 

16 

.263698 

6.63 

.361756 

8.12 

17 

.239894 

6.83 

.822776 

8.27 

17 

.264096 

6.62 

.852243 

8.12 

18 

.240304 

6.82 

.828272 

8.27 

18 

.264493 

6.62 

.352730 

8.10 

19 

.240713 

6.82 

.823768 

8.25 

19. 

.264890 

6  62 

.363216 

8.10 

20 

.211122 

6.82 

.324263 

8.25 

20 

.265287 

6.60 

.&'i8702 

8.10 

31 

9.241531 

6.82 

9.824758 

8.25 

21 

9.265683 

6.62 

9.364188 

8.10 

22 

.241940 

6.82 

.826253 

8.25 

22 

.266080 

6.60 

.354674 

8.10 

23 

.242348 

6.80 

.325748 

8.25 

23 

.266476 

6.60 

.365160 

8.10 

24 

.242766 

6.80 

.826243 

8.23 

24 

.266872 

6.58 

.366646 

8.08 

25 

.248164 

6.80 

.326787 

8.25 

25 

.267267 

6.60 

..856181 

8.10 

26 

.243572 

6.80 

.827282 

8.23 

26 

.267663 

6.58 

.366617 

8.06 

27 

.243980 

6.78 

.827728 

8.23 

27 

.268058 

6.58 

.857102 

8.08 

28 

.244387 

6.78 

.828220 

8.23 

28 

.268453 

6.58 

.357587 

8.08 

29 

.244794 

6.78 

.828714 

8.22 

29 

.268848 

6.58 

.358072 

8.08 

ao 

.245201 

6.78 

.829207 

8.23 

30 

.269243 

6.58 

.858667 

8.06 

31 

9.245608 

6.77 

9.829701 

8.23 

31 

9.269638 

6.57 

9.359042 

8.07 

32 

.246014 

6.78 

.830193 

8.22 

32 

.270032 

6.57 

.859626 

8.08 

3» 

.246421 

6.77 

.330683 

8.22  i 

33 

.270426 

6.57 

.360011 

8.07 

34 

.246827 

6.77 

.331181 

8.22 

34 

.270820 

6.57 

.360496 

8.07 

35 

.247233 

6.77 

.331674 

8.22 

35 

.271214 

6.57 

.360979 

8.07 

36 

.247639 

6.76 

.382167 

8.20 

36 

.271608 

6.55 

.361463 

8.07 

37 

.248044 

6.75 

.332659 

8.22 

37 

.272001 

6.55 

.361947 

8.07 

38 

.248449 

6.75 

.333152 

8.20 

38 

.272394 

6.55 

.862481 

8.06 

89 

.248864 

6.75 

.333644 

8.22 

39 

.272787 

6.55 

.362914 

8.07 

40 

.249269 

6.75 

.334137 

8.20 

40 

.273180 

6.53 

.363898 

8.05 

41 

9.249664 

6.78 

9.334629 

8.20 

41 

9.278572 

6.55 

9.368881 

8.05 

42 

.250068 

6.75 

.885121 

8.18 

42 

.2739iB5 

6.58 

.364364 

8.06 

43 

.250478 

6.78 

*. 385612 

8.20 

43 

.274357 

6.63 

.864847 

8.05 

44 

.250877 

6.73 

.836]04 

8.18 

44 

.274749 

6.53 

.365330 

8.05 

45 

.251281 

6.72 

.836595 

8.20 

45 

.275141   6.52 

.365813 

8.03 

46 

.251684 

6.73 

.387087 

8.18 

46 

.275532 

6.53 

.366295 

8.05 

47 

.252088 

6.72 

.837578 

8.18 

47 

.275924 

6.52 

.366778 

8.03 

48 

.252491 

6.72 

.838069 

8.18 

48 

.276315 

6.52 

.867260 

8.03 

49 

.252894 

6.72 

.838560 

8.17 

49 

.27-6706 

6.52 

.367742 

8.08 

50 

.258297 

6.70 

.839050 

8.18 

50 

277097 

6.52 

.368224 

8.08 

51 

9.258699 

6.72 

9.339541 

8.17 

51 

9.277488 

6.60 

9.368706 

8.08 

52 

.254102 

6.70 

.340031 

8.18 

52 

.277878 

6.50 

.369188 

8.03 

63 

.254504 

6.70 

.34a522 

8.17 

53 

.278268 

6.60 

.369670 

8.02 

54 

.254906 

6.70 

.841012 

8.17 

54 

.278658 

6.50 

.370151 

8.02 

55 

.255808 

6.68 

.341602 

8.15 

55 

.279048 

6.60 

.870632 

803 

56 

.255709 

6.70 

.841991 

8.17 

56 

.279438 

6.48 

.871114 

8.02 

57 

.256111 

6.68 

.342181 

8.17 

57 

.2'«'9827 

6.60 

.371595 

8.02 

58 

.266612 

6.68 

.342971 

8.15 

58 

.280217 

6.48 

.372076 

8.00 

50 

.256918 

6.68 

.343460 

8.15 

59 

.280606 

6.48 

.872566 

8.0? 

60 

9.257814 

6.67 

9.343919 

8.15 

60 

9.280995  6.47  1 

9.378087 

8 
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TABLE  XXVI.— LOQARITHMIC  VERSED  SINES 


D.  1". 


87' 


0 

1 

8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 
32 

as 

'M 
35 
36 
37 
:« 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 


9.280995 
.281383 
.281772 
.282160 
.282548 
.282936 
.283324 
.283712 
.284099 
.284486 
.284873 

9.285260 

.285647 
.286033 
.28&419 
.286805 
.287191 
.287577 
.287962 
.288348 
.288783 

9.289118 
.289502 
.289887 
.290271 
.290655 
.291039 
.291423 
.291807 
,292190 
.292573 

9.292956 
.293339 
.293722 
.294104 
.294486 
.294868 
.295250 
.29aJa2 
.296014 
.296395 

9.296776 
.297157 
.297538 
.297918 
.298299 
.298679 
.299a59 
.299439 
.299819 
.300198 

9-300577 
.300957 
.301^35 
.301714 
.302093 
.302471 
.302849 
.30;^27 
.303605 

9.303983 


6.47 
6.48 
6.47 
6.47 
6.47 
6.47 
6.47 
6.45 
6.45 
6.45 
6.45 

6.45 
6.43 
6.43 
6.43 
6.43 
6.43 
6.42 
6.40 
6.42 
6.42 

6.40 
6.42 
6.40 
6.40 
6.40 
6.40 
6.40 
6.38 
6.38 
6.38 

6.38 
6.38 
6.37 
6.37 
6.37 
6.37 
6.37 
6.37 
6.35 
6.35 

6.35 
6.35 
6.33 
6.35 
6., S3 
6.33 
6.33 
6.33 
6.32 
6.82 

6.33 
6.30 
6.32 
6.32 
6.30 
6.30 
6.30 
6.30 
6.30 
6.28 


>r  ctrf 


9.373087 

8.02 

.373518 

8.00 

.37:^998 

^  8.00 

.874478 

8.00 

.874958 

8.00 

.875488 

8.00 

.875918 

8.00 

.876398 

7.98 

.376877 

8.00 

.377357 

7.98 

.377836 

7.98 

9.878315 

7.98 

.378794 

7.98 

.379273 

7.98 

.879752 

7.98 

.3^231 

7.97 

.380709 

7.98 

.381188 

7.97 

.381066 

7.97 

.382144 

7.97 

.382622 

7.97 

9.383100 

7.95 

.383577 

7.97 

.3ft4055 

7.95 

.1384532 

7.97 

.3a5010 

7.95 

.385487 

7.95 

.385964 

7.m 

.386441 

7.95 

.386918 

7.93 

.8873W 

7.95 

9.387871 

7.93 

.388347 

7.95 

.388824 

7.93 

.389300 

7.93 

.389776 

7.93 

.390252 

7.92 

.390727 

7.93 

.391203 

7.92 

.391678 

7.93 

.3921M 

7.92 

9.392629 

7.92 

.393104 

7.92 

.393579 

7.92 

.394054 

7.92 

.394529 

7.90 

.895003 

7.92 

.395478 

7.90 

.395952 

7.90 

.396426 

7.90 

.396900 

7.90 

9.397374 

7.90 

.397848 

7.90 

.398:322 

7.88 

.398795 

7.90 

.399269 

7.88 

.39OT42 

7.88 

.400215 

7.88 

.400688 

7.88 

.401161 

7.88 

9.401034 

7.88 

/ 

VtJTS. 

D.r. 

Ex.  sec. 

D.  i' 

0 

9.303988 

6.28 

9.401634 

7.8i 

1 

.804360 

6.80 

.402107 

7.8i 

2 

.804788 

6.28 

.402580 

7.8^ 

3 

.806116 

6.28 

.408062 

7. SI 

4 

.805492 

6.27 

.403624 

7.8i 

5 

.806868 

6.28 

.403997 

7.8t 

6 

.806^16 

6.27 

.404469 

7.8^ 

7 

.806621 

6.28 

.404941 

7.81 

8 

.806998 

6.27 

.405412 

7.81 

9 

.807874 

6.25 

.405884 

7.81 

10 

.807749 

6.27 

.406356 

7.8£ 

11 

9.806125 

6.27 

9.406827 

7.8f 

12 

.306601 

6.25 

.407296 

7.8': 

13 

.806876 

6.25 

.4D7770 

7. St 

14 

.809251 

6.25 

.406241 

7.8c 

15 

.809626 

6.25 

.408712 

7.& 

16 

.810001 

6.23 

.409183 

'  7.8S 

17 

.810375 

6.25 

.409653 

7.8£ 

18 

.810750 

6.23 

.410124 

7-8J 

19 

.811124 

6.23 

.410594 

7.8£ 

20 

.811498 

6.28 

.411065 

7.8£ 

21 

9.311872 

6.22 

9.411535 

7.83 

22 

.812245 

6.28 

.412005 

7.83 

23 

.312619 

6.22 

.412475 

7.83 

24 

.312992 

6.22 

.412945 

7.83 

25 

.313365 

6.22 

.418115 

7.82 

26 

.318738 

6.22 

.418884 

7.83 

27 

.814111 

6.22 

.414854 

7.82 

28 

.814484 

6.20 

.414828 

7.83 

29 

.314856 

6.20 

.416298 

7.8a 

30 

.315228 

6.20 

.415762 

7.&J 

81 

9.315600 

6.20 

9.416281 

7.82 

82 

.315972 

6.20 

.416700 

7.80 

88 

.816844 

6.20 

.417168 

7.82 

84 

.816716 

6.18 

.417687 

7.82 

35 

.317067 

6.18 

.418106 

7.80 

36 

.817458 

6.18 

.418674 

7.80 

37 

.317829 

6.18 

.419042 

7.82 

38 

.818200 

6.18 

.419611 

7.80 

39 

.318571 

6.17 

.419979 

7.80 

40 

.318941 

6.17 

.420447 

7.80 

41 

9.319311 

6.18 

9.420915 

7.78 

42 

.819682 

6.15 

.421862 

7.80 

43 

.820051 

►  6.17 

.421850 

7.78 

44 

.820421 

6.17 

.422817 

7.80 

45 

.820791 

6.15 

.422785 

7.78 

46 

.321160 

6.17 

.428252 

7.78 

47 

.321530 

6.15 

.423719 

7.78 

48 

.321899 

6.18 

.424186 

7.78 

49 

.822267 

6.15 

.424663 

7.78 

50 

.322636 

6.15 

.425120 

7.78 

51 

9.323005 

6.18 

9.426687 

7.77 

52 

.323373 

6.13 

.426053 

7.78 

53 

.323741 

6.18 

.426520 

7.7: 

54 

.324109 

6.18 

.426966 

7.77 

55 

.324477 

6.18 

.427462 

7.77 

56 

.324R45 

6.12 

.427918 

7.rr 

57 

.325212 

6.18 

.426884 

7.77 

58 

.325580 

6.18 

.426850 

7.77 

59 

.325947 

6.12 

.439816 

7.77 

60 

9.326314 

6.12 

9.429782 

7.75 

[424] 


AND  EXTERNAL  SECANTS. 


38- 

89" 

0 

Vera. 

D.  1". 

Ex.  sec. 

D.  r. 

0 

Vers. 

D.r. 

Ex.  sec. 

D.  r. 

9.326314 

6.12 

9.429782 

7.75 

9.848021 

5.93 

9.457618 

7.66 

1 

.326681 

6.10 

.430247 

7.77 

1 

.348377 

5.95 

.457977 

7.65 

2 

.827047 

6.12 

.430713 

7.75 

2 

.ai8734 

6.93 

.458136 

7.65 

3 

.827414 

6.10 

.431178 

7.75 

3 

.349090 

5.93 

.468895 

7.63 

4 

.327780 

6.10 

.431613 

7.75 

4 

.ai9446 

6.93 

.459363 

7.65 

5 

.328146 

6.10 

.432108 

7.75 

5 

.&19802 

5.93 

.459612 

7.63 

6 

.328612 

6.10 

.482573 

7.75 

6 

.350158 

6.93 

.460270 

7.65 

7 

.828878 

6.08 

.433038 

7.75 

7 

.860514 

6.92 

.460729 

7.63 

8 

.329213 

6.10 

.433503 

7.73 

8 

.860869 

6.93 

.461187 

7.63 

9 

.a^e9609 

6.08 

.433967 

7.75 

9 

.861226 

6.92 

.461645 

7.63 

10 

.329974 

6.08 

.434432 

7.73 

10 

.861680 

6.92 

.462108 

7.63 

11 

9.380839 

6.08 

9.434896 

7.75 

11 

9.861935 

6.92 

9.462561 

7.63 

12 

.830704 

6.08 

.486361 

7.73 

12 

.852290 

5.90 

.463019 

7.63 

13 

.331069 

6.07 

.436825 

7.73 

13 

.852644 

5.92 

.463477 

7  62 

14 

.381433 

6.06 

.436289 

7.73 

14 

.852999 

5.90 

.463934 

7.63 

15 

.331798 

6.07 

.436753 

7.73 

15 

.86aS63 

5.90 

.464392 

7.62 

16 

.332162 

6.07 

.437217 

7.72 

16 

.858707 

5.92 

.464849 

7.63 

17 

.332526 

6.07 

.437680 

7.73 

17 

.864062 

5.88 

.465807 

7.62 

18 

.332890 

6.07 

.438144 

7.78 

18 

.854415 

6.90 

.466761 

7.62 

19 

.a33254 

6.05 

.438608 

7.72 

19 

.364769 

5.90 

.466221 

7.62 

20 

.333617 

6.07 

.439071 

7.72 

20 

.866123 

5.88 

.466678 

7.62 

21 

9.338961 

6.05 

9.439534 

7.72 

21 

9.855476 

5.88 

9.467135 

7.62 

22 

.331344 

6.06 

.439997 

7.72 

i  22 

.365829 

5.88 

.467592 

7.62 

23 

.a34707 

6.05 

.440460 

7.72 

23 

.356182 

5.88 

.468(M9 

7.62 

24 

.335070 

6.03 

.440923 

7.72 

24 

.356586 

5.88 

.468506 

7.60 

25 

.335132 

6.05 

.441386 

7.72 

25 

.866888 

5.88 

.468962 

7.60 

26 

.335795 

6.03 

.441849 

7.72 

26 

.867241 

5.87 

.469418 

7.62 

27 

.336157 

6.03 

.442312 

7.70 

27 

.867593 

5.87 

.469675 

7.60 

28 

.336519 

6.03 

.442774 

7.72 

28 

.357945 

6.87 

.470831 

7.60 

29 

.836881 

6.08 

.443237 

7.70 

29 

.868297 

5.87 

.470787 

7.60 

30 

.837243 

6.03 

.443699 

7.70 

30 

.868649 

6.87 

.471213 

7.60 

31 

9.337605 

6.02 

9.444161 

7.70 

31 

9.359001 

5.87 

9.471699 

7.60 

32 

.837966 

6.03 

.444623 

7.70 

82 

.359853 

5.a5 

.472156 

7.60 

33 

.338328 

6.02 

.445085 

7.70 

,  33 

.359704 

5.87 

.472611 

7.60 

'  34 

.338689 

6.02 

.445517 

7.70 

1  34 

.360056 

5.85 

.473067 

7.58 

35 

.339050 

6.02 

.446009 

7.68 

35 

.360407 

5.85 

.473522 

7.60 

36 

.339411 

6.00 

.446470 

7.70 

36 

.360758 

5.83 

.473978 

7.58 

37 

.839771 

6.02 

.446932 

7.68 

37 

.361108 

5.85 

A744m 

7.58 

38 

.340132 

6.00 

.447393 

7.70 

38 

.861459 

5.a5 

.474888 

7.58 

39 

.310492 

6.00 

.147856 

7.68 

39 

.861810 

5.8:^ 

.475343 

7.58 

40 

340652 

•6.00 

.448316 

7.68 

40 

.362160 

5.83 

.475798 

7.58 

41 

9.341212 

6.00 

9.448777 

7.68 

41 

9.;«2510 

6.83 

9.476253 

7.58 

42 

.841572 

6.00 

.449238 

7.68 

42 

.362860 

5.83 

.476708 

7.58 

43 

.841932 

5.98 

.449699 

7.68 

43 

.363210 

o.iVi 

.47n63 

7.58 

44 

.842291 

6.00 

.450160 

7.67 

44 

.363560 

5.82 

.4rr6I8 

7.57 

45 

.842651 

5.98 

.450620 

7  68 

45 

.363909 

5.83 

.478072 

7.58 

46 

.843010 

5.98 

.451081 

7.67 

46 

.361259 

5.82 

.478527 

7.57 

47 

.843369 

5.98 

.451541 

7.68 

47 

.364608 

5.82 

.4':8981 

7.57 

48 

.843728 

5.97 

.452002 

7.67 

48 

.364*57 

5.82 

.47W35 

7.58 

49 

.844086 

5.96 

.452462 

7.67 

49 

.365806 

5.82 

.479890 

7.57 

50 

.844445 

5.97 

.452922 

7.67 

50 

.365655 

5.80 

.480344 

7.57 

51 

9.844803 

5.97 

9.453882 

7.67 

51 

9.366003 

5.82 

9.480796 

7.57 

52 

.845161 

5.97 

.453842 

7.67 

62 

.366352 

5.80 

.481252 

7.55 

53 

.845619 

5.97 

.454302 

7.67 

53 

.366700 

5.80 

.481706 

7.57 

54 

.845877 

5.97 

.454762 

7.m 

51 

.367048 

5.80 

.482159 

7.57 

55 

.316285 

5.95 

.455221 

7.67 

55 

.367396 

5.80 

.482613 

7.55 

56 

.346592 

5.97 

.455681 

7.65 

56 

.367744 

5.78 

.483066 

7.57 

57 

.346950 

5.95 

.456140 

7.67 

57 

.368091 

6.80 

.483520 

7.55 

58 

.847807 

5.95 

.456600 

7.65 

58 

.:368439 

5.78 

.48397:^ 

7.56 

59 

.847664 

5.95 

.457059 

7.65 

'  59 

1368786 

5.78 

.484426 

7.5.'^ 

60 

9.848021 

5.93 

9.457518 

7.65 

1  CO 

9.369133 

6.78 

9.481879 

7.- 

[425] 


TABLE  XXVL-LOGARITHMIO  VERSED  SINES 


40- 

/ 
0 

Vers. 

D.  1". 

Ex.  sec. 

D.  r. 

9.360183 

5.78 

9.484879 

7.55 

1 

.36M80 

5.78 

.485382 

7.55 

2 

.360627 

5.78 

.485785 

7.55 

8 

.370174 

5.77 

.486288 

7.55 

4 

.870520 

6.78 

.486691 

7.55 

5 

.870867 

5.77 

.487144 

7.53 

6 

.371213 

5.77 

.487696 

7.55 

7 

.371559 

5.77 

.488049 

7.53 

8 

.371905 

•  5.rr 

.488501 

7.53 

9 

.37^51 

5.75 

.488953 

7.55 

10 

.3«!590 

6.77 

.489406 

7.53 

11 

9.372942 

5.75 

9.489858 

7.53 

12 

.373287 

5.75 

.490310 

7.53 

13 

.373632 

5.75 

.490762 

7.53 

14 

.373977 

5.75 

.491214 

7.52 

15 

.374322 

5.75 

.491665 

7.53 

16 

.374667 

5.73 

.492117 

7.53 

17 

.375011 

6.75 

.492569 

7.52 

18 

.375356 

5.73 

.493020 

7.52 

19 

.375700 

6.73 

.493471 

7.53 

20 

.376044 

6.73 

.493928 

7.52 

21 

9.376888 

6.73 

0.494374 

7.52 

22 

.376782 

5.72 

.494825 

7.52 

23 

.377075 

5.73 

.495276 

7.52 

24 

.377419 

5.72 

.495727 

7.52 

25 

.3rr762 

6.72 

.496178 

7.50 

20 

.378105 

6.73 

.496628 

7.52 

27 

.378448 

6.72 

.497079 

7.52 

28 

.378791 

6.70 

.497530 

7.50 

29 

.379133 

6.78 

.497980 

7.52 

30 

.379476 

5.70 

.498430 

7.60 

81 

9.379818 

6.72 

9.498881 

7.48 

32 

.380161 

6.70 

.499331 

7.58 

33 

.880oa3 

6.70 

.499781 

7.50 

34 

.380845 

5.68 

.500231 

7.50 

35 

.381188 

5.70 

.500681 

7.50 

30 

.381528 

6.68 

.501131 

7.50 

37 

.331869 

6.70 

.601581 

7.48 

38 

,382211 

5.68 

.502030 

7.50 

39 

.382552 

6.68 

.502180 

7.48 

40 

.382893 

5.68 

.602929 

7.50 

41 

9.388234 

6.67 

0.503879 

7.48 

(42 

.383574 

6.68 

.503828 

7.48 

143 

.383915 

6.67 

.504277 

7.48 

44 

.384255 

5.67 

.504726 

7.48 

45 

.384595 

5.67 

.505175 

7.48 

40 

.3^935 

6.67 

.505624 

7.48 

47 

.385275 

5.67 

.606073 

7.48 

48 

.385615 

5.67 

.506522 

7.48 

49 

.385955 

5.65 

.506971 

7.47 

50 

.386294 

5.67 

.507419 

7.48 

51 

9.386684 

5.65 

9.507868 

7.47 

52 

.386978 

6.65 

.508316 

7.48 

53 

.887312 

6.65 

.608765 

7.47  ' 

54 

.887651 

5.63 

.509213 

7.47 

55 

.887989 

5.65 

.509661 

7.47 

56 

.388328 

6.63 

.510109 

7.47 

57 

.388666 

6.65 

.510557 

7.47 

58 

.389005 

5.63 

.611005 

7.47 

59 

.389343 

5.63 

.511453 

7.47 

y«  y% 

9.389681 

5.62 

9.511901 

7.46 

41< 


Vera. 


0 
1 
8 

8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
21 
23 
84 
25 
26 
27 
28 
29 
80 

81 

82 
33 
84 
95 
36 
87 
38 
89 
40 

41 
48 
43 
44 
45 
46 
47 
48 
49 
60 

61 
52 
53 
54 
55 
56 
57 
58 
59 
60 


D.  r. 


0.889681 
.890018 
.890356 
.890694 
.391031 
.891368 
.391705 
.892042 
.892379 
.892716 
.898068 

0.893888 
.893724 
.894061 
.394396 
.394738 
.395068 
.395408 
.395738 
.896074 
.896409 

9.896743 
.897078 
.897413 
.897747 
.398081 
.398415 
.898749 
.399083 
.899417 
.809750 

9.400064 
.400417 
.400750 
.401083 
.401416 
.401748 
.402081 
.402413 
.402745 
.408077 

9.403409 
.403741 
.404073 
.404104 
.404736 
.405067 
.405398 
.4057^ 
.406a59 
.406390 

9.406721 
.407051 
.407381 
.407711 
.408041 
.40a371 
.406700 
.409030 
.409359 

9.400688 


5.62 
6.68 
5.63 
5.62 
5.62 
5.62 
5.62 
6.62 
5.62 
6.60 
5.60 

5.60 
5.62 
5.58 
5.60 
6.60 
6.58 
6.68 
6.60 
6.58 
6.57 

6.68 
6.58 
6.57 
6.57 
6.67 
6.57 
5.57 
6.67 
6.65 
6.67 


56 
65 
65 
65 
53 
55 
53 
53 
6.68 
6.68 


6.53 
5.58 
6.58 
6.58 
5.58 
5.52 
6.52 
5.50 
6.52 
6.58 

6.50 
5,50 
6.50 
50 
50 
48 
50 
48 
48 
48 


Ex.  sec. 


D.  r. 


9.511901 
.512348 
.512796 
.513843 
.513691 
.514138 
.514585 
.515033 
.515480 
.515927 
.516374 

9.516820 
.517267 
.517n4 
.5181(30 
.518007 
.519053 
.5ia500 
.519046 
.520398 
.520838 

9.621284 
.681730 
.582176 
.622621 
.583067 
.528518 
.528958 
.524404 
.684849 
.685894 

9.625739 
.686184 
.686629 
.687074 
.627519 
.627964 
.628409 
.628853 
.689298 
.620742 

9.530187 
.630631 
.631075 
.681519 
.531963 
.682407 
.682851 
.533295 
.633789 
.584188 

9.534686 
.635070 
.635513 
.635956 
.686400 
.536843 
.687886 
.6377^ 
.688172 

9.688616 


7.45 
7.47 
7.45 
7.47 
7.45 
7.45 
7.47 
45 
45 
45 
43 


7.45 
7.45 
7.48 
7.45 
7.43 
7.45 

7.4;i 

7.43 
7.43 
7.43 

7.43 
7.43 
7.42 
7.43 
7.43 
7.48 
7.43 
7.42 
7.42 
7.42 


42 
42 

42 
42 
42 
42 
7.40 
7.42 
7.40 
7.42 


7, 
7, 
7, 
7, 
7. 
7. 
7, 
7, 
7. 
7. 


40 
40 
40 
40 
40 
40 
40 
40 
38 
40 


7.40 
7.38 
7.88 
7.40 
7.88 
7.88 
7.88 
7.88 
7.38 
7.38 


[426J. 


AND  EXTERNAL  SECANTS. 


42< 


0 

1 

2 
3 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
41 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 

D.r. 

9.409688 

6.48 

.410017 

6.48 

.410346 

5.48 

.410675 

6.48 

.411004 

5.47 

.411332 

6.47 

.411660 

5.48 

.411989 

5.47 

.412317 

5.46 

.412644 

5.47 

.412978 

5.47 

9.413900 

5.45 

.418627 

5.47 

.418955 

5.45 

.414282 

5.45 

.414609 

5.45 

.414986 

5.45 

.416283 

5.48 

.415589 

5.45 

.416916 

5.43 

.416242 

6.43 

9.416568 

5.43 

.416894 

5.43 

.417220 

5.43 

.417546 

5.42 

.417871 

5.43 

.418197 

5.42 

.418522 

6.43 

.418848 

5.42 

.419173 

5.42 

.419498 

5.40 

9.419822 

6.42 

.420147 

5.40 

.420471 

5.42 

.420796 

5.40 

.421120 

5.40 

.421444 

5.40 

.421768 

5.40 

.422092 

5.40 

.422416 

5.38 

.422739 

5.40 

9.428063 

5.38 

.423386 

5.38 

.423709 

5.38 

.424032 

5.38 

.424355 

5.37 

.4Sm77 

5.38 

.425000 

5.37 

.425322 

6.88 

.425645 

5.87 

.425967 

5.87 

9.426289 

5.87 

.426611 

6.37 

.426933 

5.85 

.427254 

5.37 

.427576 

5.85 

.427897 

5.85 

.428218 

5.85 

.428539 

5.85 

.428860 

5.35 

9.429181 

6.83 

Ex.  sec. 


9.538615 
.639058 
.689500 
.539948 
.540386 
.540628 
.541271 
.541713 
.542156 
.542597 
.548040 

9.548482 
.543924 
.544366 
.544807 
.545249 
.545691 
.546132 
.546574 
.547015 
.547457 

9.647898 
.548389 
.548781 
.549222 
.549663 
.550104 
.560544 
.550986 
.551426 
.551867 

9.552807 
.552748 
.553188 
.553029 
.554069 
.554509 
.554949 
.555389 
.555829 
.556269 

9.556709 
.557149 
.557589 
.558028 
.558468 
.558907 
.559347 
.559786 
.560226 
.660665 

9.561104 
.561543 
.561982 
.562421 
.562860 
.563299 
.563788 
.564176 
.564615 

9.565053 


D.r. 


7.38 
7.37 
7.38 
7.88 


7. 
7. 
7. 
7, 
7. 
7, 


87 
88 
37 
87 
37 
38 


7.87 

7.87 
7.87 
7.85 
7.87 
7.87 
7.85 
7.87 
7.35 
7.87 
7.85 


7. 
7. 
7. 
7. 
7. 
7. 
7. 
7, 
7. 


35 
37 
35 
85 
35 
88 
35 
85 
35 


7.83 


7. 

7, 
7. 
7, 
7. 
7 
7, 
7. 
7, 


35 
38 
35 
33 
33 
83 
83 
33 
33 
7.33 

7.83 
7.83 
7.32 
7.88 


7. 
7. 
7. 
7. 
7. 
7. 


82 
33 
32 
83 
32 
;i2 

7.32 
7.32 


7, 
7, 
7. 
7. 

7, 

7, 
7. 
7. 


82 
82 
82 
82 
80 
32 
30 
32 


43» 

0 

Vers. 

D.r. 

Ex.  sec. 

D.r. 

9.429181 

6.85 

9.565058 

7.32 

1 

.429502 

5.83 

.566492 

7.30 

2 

.429622 

5.88 

.565930 

7.;« 

8 

.430142 

5.85 

.566869 

7.80 

4 

.430468 

5.33 

.566807 

7.30 

5 

.430783 

5.33 

.567245 

7.30 

6 

.431103 

5.32 

.667688 

7.30 

7 

.431422 

5.88 

.668121 

7.80 

8 

.431742 

5.88 

.568559 

7.80 

9 

.432062 

5.82 

.56899r 

7.30 

10 

.482381 

5.32 

.669485 

7.30 

11 

9.482700 

5.33 

9.569678 

7.80 

12 

.488020 

5.82 

.570811 

7.28 

18 

.433839 

5.30 

.570748 

7.80 

14 

.433657 

6.32 

.571186 

7.30 

15 

.433976 

5  32 

.571624 

7.28 

16 

.484295 

6.30 

.572061 

7.28 

17 

.434618 

5.82 

.572498 

7.80 

18 

.484932 

5.80 

.572936 

7.28 

19 

.435250 

5.80 

.578878 

7.28 

20 

.485568 

5.30 

.578810 

7.28 

21 

9.485886 

5.80 

9.574247 

7.80 

22 

.436204 

5.28 

.574685 

7.28 

23 

.436521 

5.80 

.575122 

7.27 

24 

.436839 

6.28 

.575558 

7.80 

25 

.487156 

5.28 

.575996 

7.28 

26 

.487478 

5.30 

.576432 

7.28 

27 

.487791 

6.27 

.576869 

7.28 

28 

.438107 

5.28 

.577306 

7.27 

29 

.438424 

5.28 

.577742 

7.28 

80 

.438741 

5.28 

.578179 

7.27 

81 

9.489058 

5.27 

9.578615 

7.28 

82 

.439374 

5.27 

.579052 

7.27 

83 

.439690 

5.28 

.579488 

7.27 

84 

.440007 

5.27 

.{)79924 

7.28 

85 

.440328 

5.27 

.680361 

7.27 

86 

.440689 

6.25 

.580797 

7.27 

87 

.440954 

6.27 

.581238 

7.27 

88 

.441270 

6.25 

.581669 

7.27 

39 

.441,585 

6.27 

.582105 

7.27 

40 

.441901 

5.25 

.582541 

7.27 

41 

9.442216 

5;25 

9.582977 

7.27 

42 

.442581 

5.25 

.583413 

7.25 

43 

.442846 

5.25 

.583848 

7.27 

44 

.443161 

5.25 

.684284 

7.27 

45 

.443476 

5.23 

.584720 

7.25 

46 

.443790 

5.25 

.585155 

7.27 

47 

.444105 

6.23 

.585591 

7.25 

48 

.444419 

5.23 

.586026 

7.27 

49 

.444788 

6.23 

.586462 

7.25 

50 

.445047 

5.23 

.586897 

7.25 

51 

9.445361 

5.23 

9.587832 

7.2P 

52 

.445675 

5.23 

.587767 

^  ■.';• 

53 

.445989 

5.22 

,58&::3o- 

7.25 

54 

.446302 

5.28 

.388638 

7.25 

55 

.446616 

5.22 

.689073 

7.25 

56 

.446929 

5.22 

.589508 

7.23 

57 

.447242 

5.22 

.589942 

7.25 

68 

.447555 

5.22 

.590377 

7.25 

59 

.447868 

5.22 

.590812 

7.2« 

60 

9.448"'..*^1 

5.90 

9.591247 

7 
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TABLE  XXVI.-LOGARITHMia  VERSED  SINES 


440 

45» 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

/ 

0 

Vers.  D.  1'. 

Ex.  sec. 

D.  1-. 

0 

9.448181 

5.20 

9.591247 

7.23 

9.466709 

5.08 

9.617224 

7.20 

1 

.448493 

5.22 

.691681 

7.25 

1 

.467014 

6.08 

.617656 

7.18 

0 

fid 

.448806 

6.20 

.692116 

7.25 

2 

.467319 

6.08 

.618087 

7.18 

8 

.449118 

5.22 

.592551 

7.23 

3 

.467624 

5.07 

.618518 

7.18 

4 

.449431 

6.20 

.592985 

7.23 

4 

.467928 

6.08 

.618949 

7.18 

5 

.449743 

5.20 

.593419 

7.25 

6 

.468233 

6.07 

.619380 

7.18 

6 

.450a55 

5.18 

.5938M 

7.23 

6 

.468537 

6.07 

.619811 

7.18 

7 

.450366 

5.30 

.594288 

7.23 

7 

.468841 

5.07 

.620242 

7.18 

8 

.460678 

5.20 

.694722 

7.23 

8 

.469146 

5.07 

.620673 

7.18 

9 

.450990 

5.18 

.695156 

7.25 

9 

.469449 

5.07 

.621104 

7.18 

10 

.451301 

5.18 

*.695591 

7.23 

10 

.469753 

5.07 

.621535 

7.18 

11 

9.461612 

5.20 

9.596025 

7.23 

11 

9.470057 

5.05. 

9.621966 

7.17 

12 

.451924 

5.18 

.6964.59 

7.23 

i  12 

.470360 

5.07 

.622396 

7.18 

13 

.452235 

5.18 

.596893 

7.22 

!  13 

.470664 

6.05 

.622827 

7.18 

14 

.452546 

5.17 

.697326 

7.23 

14 

.470967 

5.05 

.628258 

7.17 

15 

.452856 

5.17 

.597760 

7.23 

15 

.471270 

6.05 

.623688 

7.18 

IG 

.453167 

5.18 

.698194 

7.23 

16 

.471573 

5.05 

.624119 

7.17 

17 

.453478 

6.17 

.598628 

7.22 

17 

.471876 

6.05 

.624549 

7.18 

18 

.463788 

5.17 

.599061 

7.23- 

18 

.472179 

5.06 

.624980 

7.17 

19 

.454098 

5.17 

.599495 

7.22 

19 

.472482 

5.03 

.626410 

'  7.18 

20 

.454408 

5.17 

.599928 

7.23 

20 

.472784 

6.05 

.625841 

7.17 

21 

9.454718 

5.17 

9.60a362 

7.22 

21 

9.478087 

5.08 

9.626271 

7.17 

22 

.455028 

5.17 

.600795 

7.2:3 

22 

.473389 

5.03 

.626701 

7.17 

23 

.455338 

5.17 

.601229 

7.22 

23 

.473691 

5.03 

.627131 

7.17 

24 

.455648 

5.15 

.601662 

7.22 

24 

.473993 

6.03 

.627561 

7.17 

2o 

.455957 

5.17 

.602095 

7.22 

25 

.474295 

5.08 

.627991 

7.17 

26 

.456267 

5.15 

.602528 

7.23 

,  26 

.474597 

5.08 

.628421 

7.17 

27 

.466576 

5.15 

.602962 

7.22 

1  27 

.474899 

5.02 

.628861 

7.17 

28 

.456885 

5.15 

.6031395 

7.22 

28 

.475200 

6.08 

.629281 

7.17 

29 

.457194 

5.15 

.60:3828 

7.22 

29 

.475502 

6.02 

.629711 

7.17 

30 

.457503 

5.13 

.604261 

7.22 

30 

.475803 

5.02 

.680141 

7.17 

31 

9.457811 

5.15 

9.604694 

7.20 

81 

9.476104 

5.02 

9.630571 

7.17 

32 

.458120 

5.15 

.60512(i 

7.22 

32 

.476405 

5.02 

.681001 

7.15 

m 

.458429 

5.13 

.605559 

7.22 

33 

.476706 

5.02 

.631480 

7.17 

34 

.458737 

5.13 

.605992 

7.22 

34 

.477007 

6.02 

.631860 

7.17 

35 

.459045 

5.13 

.606425 

7.20 

35 

.477308 

5.00 

.682290 

7.15 

36 

.459353 

5.13 

.606857 

7.22 

36 

.477608 

5.02 

.632719 

7.17 

37 

.459661 

5.13 

.607290 

7.20 

37 

.477909 

5.00 

.683149 

7.15 

38 

.459969 

5.13 

.607722 

7.22 

38 

.478209 

5.00 

.688578 

7.17 

39 

.460277 

5.12 

.608155 

7.20 

39 

.478509 

6.00 

.684008 

7.15 

40 

.460584 

5.13 

.608587 

7.22 

40 

.478809 

5.00 

.684437 

7.15 

41 

9.460892 

5.12 

9.609020 

7.20 

41 

9.479109 

5.00 

9.634866 

7.17 

42 

.461199 

5.12 

.6094,52 

7.20 

42 

.479409 

5.00 

.685296 

7.15 

43 

.461506 

5.12 

.609884 

7.20 

43 

.479709 

5.00 

.685726 

7.16 

44 

.461813' 

5.12 

.610316 

7.22 

44 

.480009 

4.98 

.636154 

7.15 

45 

.462120 

5.12 

.610749 

7.20 

45 

.480308 

5.00 

.636588 

7.15 

46 

.462427 

5.12 

.611181 

7.20 

46 

.480608 

4.98 

.687012 

7.15 

47 

.462734 

5.10 

.611613 

7.20 

47 

.480907 

4.98 

.637441 

7.15 

48 

.463040 

5.12 

.612045 

7.20 

48 

.481206 

4.98 

.637870 

7.15 

49 

.463.^47 

5.10 

.612177 

7.18 

:  49 

.481505 

4.98 

.638299 

7.15 

50 

.463653 

5.10 

.6121X)8 

7.20 

50 

.481804 

4.98 

.688728 

7.15 

51 

9.463959 

5.10 

9.613340 

7.20 

51 

9.482103 

4.97 

9.689157 

7.15 

52 

.464265 

5.10 

.613772 

7.20 

52 

.482401 

4.98 

.689586 

7.16 

53 

.464571 

5.10 

.614204 

7.18 

63 

.482700 

4.97 

.640015 

7.18 

54 

.464877 

5.10 

.614(}a5 

7.20 

54 

.482998 

4.97 

.640448 

7.15 

55 

.465183 

5.08 

.615067 

7.20 

55 

,483296 

4.96 

.640672 

7.16 

56 

.466488 

5.10 

.615499 

7.18 

56 

.483595 

4.97 

.641801 

7.13 

57 

.465794 

5.08 

.615{).30 

7.20 

67 

.483893 

4.97 

.641789 

7.15 

58 

.466099 

6.08 

.616362 

7.18 

58 

.484191 

4.95 

.642156 

7.13 

59 

.4()6404 

5.08 

.616793 

7.18 

59 

.484488 

4.97 

.642586 

7.15 

60 

9.466709 

5.08 

9.617224 

7.20 

,  60 

9.4S47'86 

4.97 

9.648015 

7.13 
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AND  EXTERNAL  SECANTS. 


46« 


0 

1 

2 

3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 

^i 

44 

45 

46 

47 

48 

49 

50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 

D.l'. 

9.484786 

4.97 

.4«)084 

4.95 

.485381 

4.95 

.485678 

4.97 

.485976 

4.95 

.486273 

4.95 

.486570 

4.93 

.486866 

4.95 

.487163 

4.95 

.487460 

4.93 

.487756 

4.95 

9.488053 

4.93 

.488349 

4.93 

.488^45 

4.93 

.468941 

4.93 

.489237 

4.93 

.489533 

4.92 

.489828 

4.93 

.490124 

4.92 

.490419 

4.92 

.490714 

4.93 

9.491010 

4.92 

.491305 

4.92 

.491600 

4.90 

.491894 

4.92 

.492189 

4.92 

.492484 

4.90 

.492778 

4.90 

.493072 

4.92 

.493367 

4.90 

.493661 

4.90 

9.493955 

4.90 

.494249 

4.88 

.494542 

4.90 

.494836 

4.90 

.495130 

4.88 

.495423 

4.88 

.495716 

4.88 

.496009 

4.88 

.496302 

4.88 

.496595 

4.88 

9.496888 

4.88 

.49T181 

4.87 

.497473 

4.88 

.497766 

4.87 

.498058 

4.87 

.498350 

4.88 

.498643 

4.87 

.498935 

4.a5 

.499228 

4.87 

.499518 

4.87 

9.499610 

4.85 

.500101 

4.87 

.500393 

4.85 

.500684 

4.8-» 

.500975 

4.85 

.501266 

4.85 

.501557 

4.85 

.501848 

4.a5 

.502139 

4.83 

9.502429 

4.85 

Ex.  sec. 


9.643015 
.643443 
.643872 
.644300 
.644728 
.645156 
.645585 
.646013 
.646441 
.646869 
.647297 

9.647725 
.648153 
.648581 
.649009 
.649436 
.649664 
.650292 
.650720 
.651147 
.651575 

9.652002 
.652430 
.652857 
.653285 
.653712 
.654140 
.654567 
.654994 
.655421 
.655849 

9.656276 
.656703 
.657130 
.657557 
.657984 
.658411 
.65883S 
.659265 
.659691 
.660118 

9.660545 
.660972 
.661398 
.661825 
.662252 
.662678 
.663105 
.663531 
.663958 
.664384 

9.664810 
.665237 
.665663 
.666089 
.666515 
.666942 
.667368 
.667794 
.6(58220 

9.668646 


D.  r. 


7.13 
7.15 
7.13 
7.13 
7.13 
7.15 
7.13 
7.13 
7.13 
7.13 
7.13 

7.13 
7.13 
7.13 


12 
13 
13 
13 
12 
7.13 
7.12 


13 

12 
13 
12 
13 
7.12 
7.12 
7.12 
7.13 
7.12 

7.12 
7.12 
7.12 
7.12 
7.12 
7.12 
7.12 
7.10 
7.12 
7.12 

7.12 
7.10 
7.12 
7.12 
7.10 


7. 
7. 
7. 

7. 
7. 

7. 

7. 
7. 
7. 
7. 


12 
10 
12 
10 
10 

12 

10 
10 
10 
12 
7.10 
7.10 
7.10 
7.10 
7.10 


470 

/ 
0 

Vers. 

D.1-. 

Ex.  sec. 

D.  1". 

9.502429 

4.86 

9.668046 

7.10 

1 

.502720 

4.8S 

.669072 

7.10 

2 

.503010 

4.83 

.669498 

7.10 

3 

.503300 

4.85 

.669924 

7.10 

4 

.503591 

4.83 

.670350 

7.10 

5 

.503881 

4.83 

.670776 

7.08 

6 

.504171 

4.82 

.671201 

7.10 

7 

.504460 

4.83 

.671627 

7.10 

8 

.504750 

4.83 

.672053 

7.10 

9 

.505040 

4.82 

.672479 

7.08 

10 

.505329 

4.82 

.672904 

7.10 

11 

9.505618 

4.88 

9.673330 

7.10 

12 

.505908 

4.82 

.673756 

7.08 

13 

.506197 

4.82 

.674181 

7.10 

14 

.506486 

4.82 

.674607 

7.08 

15 

.506775 

4.80 

.675082 

7.10 

16 

.507063 

4.82 

.675458 

7.08 

17 

.507352 

4.80 

.675883 

7.10 

18 

.507640 

4.82 

.676309 

7.08 

19 

.507929 

4.80 

.676734 

7.08 

20 

.508217 

4.80 

.677159 

7.08 

21 

9.508505 

4.80 

9.677584 

7.10 

22 

.508793 

4.80 

.678010 

^.08 

23 

.509081 

4.80 

.  67*485 

7.08 

24 

.509369 

4.80 

.678860 

7.08 

25 

.509657 

4.80 

.679285 

7.08 

26 

.503945 

4.78 

.679710 

7.10 

27 

.510232 

4.80 

.680136 

7.08 

28 

.510520 

4.78 

.680561 

7.08 

29 

.510807 

4.78 

.680986 

7.08 

30 

.511094 

4.78 

.681411 

7.08 

i  31 

9.511381 

4.78 

9.681836 

7.07 

I  32 

.511668 

4.78 

.682260 

7.08 

33 

.511955 

4.77 

.683685 

7.08 

84 

.512241 

4.78 

.683110 

7.08 

85 

.512528 

4.78 

.688535 

7.08 

36 

.512815 

4.77 

.683960 

7.08 

37 

.513101 

4.77 

.684385 

7.07 

88 

.513387 

4.77 

.684809 

7.08 

39 

.513673 

4.77 

.685234 

7.08 

40 

.513959 

4.77 

.685659 

7.07 

41 

9.514245 

4.77 

9.686083 

7.08 

42 

.514531 

4.77 

.686508 

7.08 

43 

.514817 

4.75 

.686983 

7.07 

44 

.515102 

4.77 

.687357 

7.08 

45 

.515388 

4.75 

.687782 

7.07 

46 

.51.5673 

4.77 

.688206 

7.08 

47 

.515959 

4.75 

.688631 

7.07 

48 

.516244 

4.75 

.689055 

7.07 

49 

.516529 

4.75 

.689479 

7.08 

50 

.516814 

4.78 

.689904 

7.07 

51 

9.517098 

4.75 

9.690328 

7.07 

52 

.517383 

4.75 

.690752 

7.08 

58 

.517668 

4.73 

.691177 

7.07 

54 

.517952 

4.73 

.691601 

7.07 

55 

.518236 

4.75 

.692025 

7.07 

56 

.5ia521 

4.73 

.692449 

7.07 

57 

.,518805 

4.78 

.692873 

7.08 

58 

.519089 

4.73 

.693298 

7.07 

59 

.5ia373 

4.78 

.6^3722 

7.07 

60 

9.519657 

4.72 

9.694146 

7.0^ 

[429] 


TABLE  ZXVI.~LOGABITHMIC  VEBSED  SINES 


48* 

49« 

0 

Vers. 

D.  r. 

Ex.  sec. 

D.r. 

0 

Vers. 

D.r. 

Ex.  sec. 

D.  1-. 

9.519657 

4.72 

9.694146 

7.07 

9.536484 

4.62 

9.719^1 

7.05 

1 

.519940 

4.73 

.6»1570 

7.07 

1 

.536761 

4.62 

.719964 

7.03 

2 

.520224 

4.72 

.694994 

7.07 

2 

.637038 

4.62 

.720386 

7.05 

3 

.520507 

4.73 

.695418 

7.07 

8 

.537316 

4.62 

.720809 

7.03 

4 

.520791 

4.72 

.695842 

7.07 

4 

.637592 

4.62 

.721231 

7.03 

6 

.521074 

4.72 

.696266 

7.05 

6 

.537869 

4.60 

.781653 

7.05. 

6 

.521357 

4.72 

.696689 

7.07 

6 

.638146 

4.62 

.722076 

7.03 

7 

.521640 

4.72 

.697118 

7.07 

7 

.538422 

4.60 

.722498 

7.05 

8 

.521923 

4.72 

.697537 

7.07 

8 

.538698 

4.60 

.722921 

7.03 

9 

.522206 

4.70 

.697961 

7.07 

9 

.638974 

4.62 

.723348 

7.03 

10 

.522488 

4.72 

.698886 

7.07 

10 

.539251 

4.60 

.723766 

7.05 

11 

9.522771 

4.72 

9.696809 

7.05 

11 

9.589527 

4.60 

9.724188 

7.03 

12 

.523054 

4.70 

.699232 

7.07 

12 

.539803 

4.60 

.724610 

7.03 

13 

.523336 

4.70 

.699656 

7.07 

13 

.540079 

4.68 

.725032 

7.03 

14 

.523618 

4.70 

.700080 

7.05 

14 

.540354 

4.60 

.725454 

7.05 

15 

.523900 

4.70 

.700503 

7.07 

15 

.540630 

4.60 

.725877 

7.03 

16 

.624182 

4.70 

.700927 

7.05 

16 

.540906 

4.68 

.726299 

7.03 

17 

.524464 

4.70 

.701350 

7.07  i 

17 

.541181 

4.68 

.726721 

7.03 

18 

.524746 

4.70 

.701774 

7.07  1 

18 

.541456 

4.60 

.727143 

7.03 

19 

.526028 

4.68 

.702198 

7.05 

19 

.541732 

4.68 

.727565 

7.05 

ao 

.625309 

4.70 

.702621 

7.07 

20 

.542007 

4.68 

.727988 

7.03 

21 

9.526591 

4.68 

9.708045 

7.05 

21 

9.542282 

4.58 

9.728410 

7.03 

22 

.525872 

4.68 

.703468 

7.05 

22 

.542557 

4.58 

.728882 

7.03 

23 

.526153 

4.70 

.703891 

7.07 

23 

.542882 

4.57 

.729254 

7.03 

24 

.626435 

4.68 

.704315 

7.05 

24 

.543106 

4.58 

.729676 

7.03 

25 

.626716 

4.68 

.704738 

7.07 

25 

.543381 

4.57 

.730098 

7.03 

26 

.626997 

4.67 

.705162 

7.06 

26 

.543655 

4.58 

.730520 

7.03 

27 

.527277 

4.68 

.705585 

7.05 

27 

.543930 

4.57 

.780942 

7.03 

28 

.527558 

4.68 

.7060C8 

7.05 

28 

.544204 

4.57 

.731864 

7.03 

29 

.527839 

4.67 

.706431 

7.07 

29 

.544478 

4.57 

.731786 

7.03 

80 

.528119 

4.68 

.706«)5 

7.05 

80 

.544758 

4.57 

.732208 

7.03 

81 

9.628400 

4.67 

9.707278 

7.05 

31 

9.645026 

4.57 

9.732630 

7.03 

82 

.528680 

4.67 

.707701 

7.05 

32 

.545800 

4.57 

.733a>2 

7.03 

83 

.528960 

4.67 

.708124 

7.05 

83 

.545574 

4.57 

.783474 

7.03 

34 

.629240 

4.67 

.708547 

7.07 

84 

.645848 

4.56 

.783896 

7.02 

85 

.629620 

4.67 

.708971 

7.05 

35 

.646121 

4.57 

.734317 

7.03 

86 

.529800 

4.67 

.709394 

7.05 

i  36 

.646395. 

4.55 

.784739 

7.03 

37 

.530080 

4.65 

.709817 

7.05 

1  37 

.546668 

4.55 

.736161 

7.03 

38 

.530359 

4.67 

.710240 

7.05 

38 

.546941 

4.65 

.785583 

7.03 

39 

.530639 

4.65 

.710663 

7.05 

39 

.647214 

4.55 

.736005 

7.03 

40 

.530918 

4.67 

.711086 

7.05 

40 

.647487 

4.55 

.736427 

7.02 

41 

9.531198 

4.65 

9.711509 

7.05 

41 

9.547760 

4.55 

9.736848 

7.03 

42 

.531477 

4.65 

.711932 

7.05 

42 

.548033 

4.55 

.737270 

7.03 

43 

.531756 

4.65 

.712365 

7.05 

43 

.548306 

4.55 

.737692 

7.03 

44 

.532085 

4.65 

.712778 

7.03 

44 

.648579 

4.58 

.788114 

7.02 

45 

.532314 

4.63 

.718200 

7.05 

45 

.548851 

4.66 

.7885a5 

7.03 

46 

.532592 

4.65 

.713623 

7.05 

46 

.549124 

4.63 

.738957 

7.03 

47 

.532871 

4.65 

.714046 

7.05 

47 

.549396 

4.68 

.739379 

7.02 

48 

.533150 

4.63 

.714469 

7.05 

48 

.549668 

4.53 

.739800 

7.03 

49 

.533428 

4.63 

.714892 

7.05 

49 

.649940 

4.53 

.740222 

7.03 

50 

.533706 

4.65 

.715815 

7.03 

50 

.650212 

4.68 

.740644 

7.02 

51 

9.533985 

4.63 

9.715787 

7.05 

51 

9.550484 

4.58 

9.741065 

7.08 

52 

.534263 

4.63 

.716160 

7.05 

52 

.650756 

4.53 

.741487 

7.02 

53 

.531541 

4.63 

.716583 

7M  \ 

53 

.661028 

4.52 

.741908 

7.03 

54 

.5ai819 

4.63 

.717005 

7.05 

54 

.651299 

4.53 

.742330 

7.02 

56 

.535097 

4.62 

.717428 

7.05 

55 

.551571 

4.52 

.742751 

7.03 

56 

.535374 

4.63 

.717851 

7.03 

56 

.551842 

4.62 

.743173 

7.03 

57 

.535652 

4.62 

.718273 

7.05  ! 

57 

.552118 

4.52 

.743595 

7.02 

58 

.535929 

4.63 

.718696 

7.03  , 

58 

.552384 

4.53 

.744016 

7.03 

69 

.536207 

4.62 

.719118 

7.05  i 

69 

.552656 

4.52 

.744488' 

7.02 

60 

9.536484 

4.62 

9.719541 

7.05  1 

60 

9.552927 

4.50 

9.744859 

7.02 

[430] 


-LOGABITHMIO  VERSED  SINES 


50« 


/ 

Vers. 

D.  r. 

Ex.  sec. 

D.  r. 

0 

9.552927 

4.50 

9.744869 

7.02 

1 

.563197 

4.52 

.745280 

7.03 

2 

.553468 

4.52 

.745702 

7.02 

3 

.553789 

4.60 

.746123 

7.03 

4 

.564009 

4.52 

.746545 

7.02 

5 

.564380 

4.60 

.746966 

7.03 

6 

.554550 

4.60 

.747388 

7.02 

7 

.554820 

4.52 

.747809 

7.02 

8 

.555091 

4.50 

.748230 

7.03 

9 

.555361 

4.60 

.748662 

7.02 

10 

.555681 

4.48 

.749073 

7.02 

11 

9.555900 

4.60 

9.749494 

7.03 

12 

.556170 

4.60 

.749916 

7.02 

13 

.556440 

4.48 

.750337 

7.02 

14 

.566709 

4.50 

.750758 

7.03 

15 

.556979 

4.48 

.751180 

7.02 

16 

.557248 

4.48 

.751601 

7.02 

17 

.557517 

4.48 

.752022 

7.02 

18 

.557?86 

4.48 

.752143 

7.03 

19 

.558055 

4.48 

.752865 

7.02 

30 

.558324 

4.48 

.753286 

7.02 

21 

9.658593 

4.48 

9.753707 

7.02 

22 

.558862 

4.48 

.754128 

7.02 

23 

.559131 

4.47 

.754549 

7.03 

24 

.559899 

4.47 

.754971 

7.C2 

25 

.559667 

4.48 

.756398 

7.02 

2& 

.559936 

4.47 

.755813 

7.08 

27 

.560204 

4.47 

.756234 

7.08 

28 

.5604'<^ 

4.47 

.756665 

7.02 

29 

.560740 

4.47 

.757076 

7.03 

30 

.661008 

4.47 

.757498 

7.02 

31 

9.661276 

4.47 

9.757919 

7.02 

32 

.5C1544 

4.45 

.758340 

7.02 

33 

.561811 

4.47 

.758761 

7.02 

34 

.562079 

4.45 

.759182 

7.02 

35 

.562346 

4.45 

.759603 

7.02 

36 

.562613 

4.47 

.760024 

7.02 

37 

.562881 

4.45 

.760445 

7.02 

38 

.563148 

4.45 

.760866 

7.02 

39 

.563415 

4.45 

.761287 

7.02 

10 

.563682 

4.43 

.761708 

7.02 

11 

9.668948 

'  4.45 

9.762129 

7.02 

12 

.564215 

4.46 

.762550 

7.02 

13 

.664482 

4.43 

.768971 

7.02 

14 

.664748 

4.46 

.763398 

7.02 

15 

.565015 

4.43 

.763813 

7.02 

16 

.666281 

4.43 

.764834 

7.02 

17 

.566647 

4.43 

.784055 

7.02 

18 

.566813 

4.43 

.765076 

7.02 

19 

.566079 

4-43 

.766497 

7.02 

50 

.566345 

4.43 

.765918 

7.02 

51 

9.666611 

4.43 

9.766339 

7.08 

52 

.566877 

4.42 

.766760 

7.08 

53 

.567148 

4.43 

.767181 

7.02 

54 

.567408 

4.42 

.767602 

7.00 

55 

.667673 

4.42 

.768022 

7.02 

56 

.667938 

4.43 

.768443 

7.02 

57 

.668201 

4.42 

.7688&1 

7.02 

58 

.668469 

4.42 

.769285 

7.02 

59 

.668734 

4.42 

.769706 

7.08 

SO 

9.668999 

4.42 

9.770127 

7.08 

61* 


0 

1 

8 
3 
4 
6 
6 
7 
8 
9 
10 

11 
18 
13 
14 
16 
16 
17 
18 
19 
20 

81 
82 
23 
24 
25 
26 
87 
88 
89 
90 

31 
88 
S3 
34 
35 
36 
37 
38 
39 
40 

41 
48 

43 
44 
45 
46 

47 
48 
49 
50 

61 
53 
68 
64 
65 
56 
57 
58 
59 
60 


Vers. 


9.668999 
.669864 
.669588 
.669793 
.670057 
.570388 
.670586 
.570850 
.671114 
.671378 
.671648 

9.671906 
.578170 
.572434 
.578697 
.672960 
.673284 
.673487 
.573750 
.574013 
.574876 

9.574639 
.574808 
.675064 
.675387 
.575680 
.675868 
.576114 
.676376 
.576638 
.576900 

9.577163 
.577484 
.577686 
.577947 
.578808 
.578470 
.578731 
.578992 
.579853 
.679514 

9.679775 
.580036 
.680897 
.580557 
.580818 
.581078 
.581339 
.681599 
.581869 
.688119 

9.688379 
.682639 
.682896 
.683158 
.583418 
.583677 
.683936 
.584196 
.584455 

9.584714 


D.  1". 


4.42 
4.40 
4.43 
4.40 
4.42 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.40 
4.40 
4.38 
4.88 
4.40 
4.88 
4.88 
4.88 
4.88 
4.38 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


88 
37 
38 
37 
88 
87 
37 
87 
87 


4.37 

4.37 
4.35 
4.37 
4.35 
4.37 
4.85 
4.36 
4.36 
4.35 
4.35 

4.35 
4.35 
4.33 
4.35 
4.33 
4.35 
4.33 
4.33 
4.33 
4.33 

4.33 
4.38 


4 

4. 
4. 
4. 

4. 
4. 


38 

33 
38 
32 
33 
38 


Ex.  sec. 


4.38 
4.32 


9.770187 
.770548 
.770969 
.771889 
.771810 
.772231 
.778658 
.773073 
.773494 
.773914 
.774335 

9.774756 
.775177 
v775598 
.776018 
.776439 
.776860 
.777281 
.777702 
.778122 
.778643 

9.778964 
.779386 
.779805 
.780826 
.780647 
.781068 
.781488 
.781909 
.782330 
.782751 

9.783171 
.783592 
.784013 
.784433 
.784854 
.785275 
.785696 
.786116 
.786637 
.786958 

9.787378 
.787799 
.788280 
.788641 
.789061 
.789482 
.789903 
.790823 
.790744 
.791166 

9.791686 
.792006 
.792487 
.798848 
.798868 
.798689 
.794110 
.794531 
.794961 

9.795378 


D.  1'. 

Toe 

7.02 
7.00 
7.02 
7.08 
7.08 
7.02 
7.02 
7.00 
7.02 
7.02 


7. 
7. 
7. 
7. 
7. 


.02 

.02 
.00 
.02 
.02 
7.02 
7.02 
7.00 
7.02 
7.02 


7. 
7, 
7, 
7, 
7, 
7, 
7, 
7. 
7. 


08 
00 
02 
02 
02 
00 
08 
08 
02 


7.00 

7.02 
7.02 
7.00 
7.08 
7.02 
7.08 
7.00 
7.02 
7.08 
7.00 

7.08 
7.08 
7.08 
7.00 
7.08 
7.08 
7.00 
7.08 
7.08 
7.08 

7.00 
7.08 
7.08 
7.00 
7.08 


7, 
7. 
7, 
7. 
7. 


08 
08 
00 
0^ 


U31] 


TABLE  XXVL-LOGABITHMIC  VERSED  SINES 


62« 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 


Vers. 


9.584714 
.584973 
.58'i232 

.685491 
.585749 
.686008 
.686266 
.58652) 
.58678 i 
.587041 
.587299 

9.587557 
.587815 
.588073 
.588331 
.588588 
.588846 
.589103 
.589361 
.589618 
.589875 

9.590132 
.590389 
.590646 
.590903 
.591160 
.591416 
.591673 
.591929 
.592185 
.692442 

9.592698 
.592954 
.593210 
.593466 
.693721 
.593977 
.5942:33 
.594488 
.594743 
.59499J9 

9.595254 
.595509 
.595764 
.596019 
.596274 
.596528 
.696783 
.697038 
.597292 
.597646 

9.697801 
.598055 
.598309 
.598563 
.598817 
.599071 
.599324 
.599.578 
.599831 

9.600085 


D.r. 


4.32 


.32 
.32 
.30 
.32 
30 
.32 
.30 
,30 
30 
.30 


4.80 

4.30 
4.30 
4.28 
4.28 
4.28 
4.30 
4.28 
4.28 
4.28 

4.28 

4.28 
4.28 
4.28 
4.27 
4.28 
4.27 
4.27 
4.28 
4.27 


.27 

.27 

.27 

.25 

.27 

.27 
on 


4 

4 

4 

4 

4 

4 

4 

4.25 

4.27 

4.25 

4.25 
4.25 
4.25 
4.25 
4.23 
4.25 
4.25 
4.23 
4.23 
4.25 

4.23 
4.23 
4.23 


4 

4, 

4 

4, 

4 

4, 


23 
23 
22 
23 
22 
23 


4.22 


Ex.  sec. 


9.795372 
.795793 
.796213 
.796634 
.797055 
.797476 
.797896 
.798317 
.798738 
.799158 
.799579 

9.800000 
.800421 
.800841 
.801262 
.801683 
.802104 
.802524 
.802945 
.808366 
.803787 

9.804207 
.804628 
.805049 
.805470 
.805891 
.806311 
.806732 
.807153 
.807574 
.807995 

9.808415 
.808836 
.809257 
.809678 
.810099 
.810520 
.810940 
.811361 
.811782 
.812203 

9.812624 
.813045 
.813466 
.813886 
.814307 
.814728 
.815149 
.815570 
.815991 
.816412 

9.816833 
.817254 
.817675 
.818096 
.818517 
.618938 
.8193.59 
.819780 
.820201 

9.820622 


DA'. 


63< 


7.02 


7. 
7. 
7. 
7. 
7. 


00 
02 
02 
02 
00 


7.02 
7.02 
7.00 
7.02 
7.02 


02 
00 
02 
02 
02 
00 
02 
7.02 
7.02 
7.00 

7.02 
7.02 
7.02 
7.02 
7.00 
7.02 
7.02 
7.02 
7.02 
7.00 

7.02 
7.02 
7.02 
7.02 
7.02 
7.00 
7.02 
7.02 
7.02 
7.02 


02 
02 

00 
,02 
02 
02 
02 
02 
02 
7.02 

7.02 

7.02 
7.02 
7.02 
7.02 
7.02 
7.02 
7.02 
7.02 
7.02 


/ 
0 

Vers. 

D.  1-. 

Ex.  sec. 

D.  r. 

9.600085 

4.22 

9.820622 

7.02 

1 

.600338 

4.22 

.821043 

7.02 

2 

.600591 

4.23 

.821464 

7.03 

8 

.600845 

4.22 

.821885 

7.02 

4 

.601098 

4.22 

.822806 

7.02 

5 

.601851 

4.20 

.822727 

7.02 

6 

.601603 

4.22 

.823148 

7.02 

7 

.601856 

4.22 

.823569 

7.02 

8 

.602109 

4.22 

.823990 

7.0-^ 

9 

.602362 

4.20 

.824411 

7.03 

10 

.602614 

4.20 

.824833 

7.02 

11 

9.602866 

4.22 

9.825254 

7.02 

12 

.603119 

4.20 

.825675 

7.02 

13 

.603371 

4.20 

.826096 

7.02 

14 

.603623 

4.20 

.826517 

7.02 

15 

.603875 

4.20 

.826988 

7.03 

16 

.604127 

4.20 

.827360 

7.02 

1  17 

.604379 

4.20 

.837781 

7.02 

18 

.604631 

4.20 

.828202 

7.02 

19 

.604883 

4.18 

.828623 

7.02 

20 

.605184 

4.20 

.829044 

7.03 

21 

9.605886 

4.18 

9.829466 

7.02 

22 

.605637 

4.18 

.829887 

7.02 

23 

.605888 

4.20 

.830308 

7.02 

^4 

.606140 

4.18 

.880729 

7M 

25 

.606391 

4.18 

.831151 

7.02 

26 

.606642 

4.18 

.8315';3 

7.02 

27 

.606893 

4.16 

.831998 

703 

28 

.607144 

4.17 

.832415 

7.02 

,  29 

.607394 

4.18 

.832a86 

7.02 

80 

.607645 

4.18 

.833257 

7.03 

81 

9.607896 

4.17 

9.883679 

7.02 

32 

.608146 

4.18 

.834100 

7.03 

33 

.608397 

4.17 

.834522 

7.02 

34 

.608647 

4.17 

.834943 

7.02 

35 

.608897 

4.17 

.885364 

7.03 

36 

.609147 

4.17 

.885786 

7.02 

37 

.609397 

4.17 

.836207 

7.  as 

1  38 

.609647 

4.17 

.836629 

7.02 

39 

.609897 

4.17 

.837050 

7.08 

40 

.610147 

4.17 

.83747^ 

7.02 

41 

9.610397 

4.15 

9.837893 

7.03 

42 

.610646 

4.17 

.838815 

7.02 

43 

.610896 

4.15 

.888736 

7.03 

44 

.611145 

4.15 

.839158 

7.02 

45 

.611394 

4.17 

.839579 

7.03 

46 

.611644 

4.15 

.&40001 

7.03 

47 

.611893 

4.15 

.84(^23 

7.02 

48 

.612142 

4.15 

.840644 

7.03 

49 

.612391 

4.15 

.841266 

7.02 

50 

.612640 

4.18 

.841687 

7.03 

51 

9.612888 

4.15 

9.842109 

7.03 

52 

.613137 

4.15 

.842531 

7.03 

53 

.613386 

4.13 

.842953 

7.02 

54 

.613634 

4.15 

.848874 

7.03 

55 

.613883 

4.13 

.848796 

7.03- 

56 

.614131 

4.13 

.844218 

7.02 

57 

.614379 

4.13 

.844639 

7.03 

58 

.614627 

4.15 

.846061 

7.03 

59 

.614876 

4.13 

.845483 

7.03 

60 

9.615124 

4.12 

9.846905 

7.03 

I4323 


AND  EXTERNAL  SECANTS. 


54« 


Vers. 


0 
1 
2 
3 
4 

to' 

O 

6 
7 
8 
9 
10 

U 
12 
13 

U 
15 
If) 
17 
18 
19 
20 

21 
<■>■> 

2Ji 

21 
25 
20 
'>7 

^28 
29 
30 

31 
32 

;« 

34 
;i5 
:i6 
37 
38 
39 
iO 

41 
43 
43 
44 
45 
40 
47 
18 
49 
50 

51 
52 
53 
54 
55 
50 
57 
58 
59 
(K) 


D.  r. 


Ex.  sec. 


9.615134 

4.13 

.615371 

4.13 

.615619 

4.13 

.615867 

4.13 

.616115 

4.13 

.616363 

4.13 

.616610 

4.13 

.616857 

4.13 

.617104 

4.13 

.617a71 

4.13 

.617599 

4.10 

9.617845 

4.12 

.618093 

4.12 

.618339 

4.12 

.618586 

4.12 

.618833 

4.10 

.619079 

4.12 

.619336 

4.10 

.619573 

4.10 

.619818 

4.13 

.630065 

4.10 

9.630811 

4.10 

.630557 

4.10 

.630803 

4.08 

.621048 

4.10 

.631394 

4.10 

.631540 

4.10 

.631786 

4.08 

.622031 

4.08 

.633276 

4.10 

.622533 

4.08 

9.623767 

4.08 

.633013 

4.08 

.623357 

4.08 

.638502 

4.08 

.623747 

4.08 

.623992 

4.08 

.624237 

4.07 

.634481 

4.08 

.634726 

4.07 

.634970 

4.08 

9.625215 

4  07 

.625459 

4.07 

.635703 

4.07 

.625947 

4.07 

,626191 

4.07 

.626435 

4.07 

.626679 

4.07 

.636923 

4.05 

.627106 

4.07 

.627410 

4.07 

9.637654 

4.05 

.627897 

4.05 

.638140 

4.07 

.638:^84 

4.05 

.628027 

4.05 

.628870 

4.05 

.629113 

4.05 

.629^56 

4.03 

.62?)598 

4.05 

9.629&41 

4.05 

D.  v. 


9.845905 
.840:^27 
.840749 
.847170 
.847592 
.848014 
.848436 
.848858 
.840280 
.849703 
.850134 

9.850546 
.850968 
.8513i)0 
.851813 
.852334 
.852056 
.853078 
.853500 
.85J3033 
.854345 

9.854767 
.855189 
.855613 
.856034 
.856456 
.856878 
.857301 
.857723 
.858145 
.858508 

9.858990 
.850413 
.8508;35 
.860258 
.860680 
,801103 
.861525 
.8611M8 
.802370 
.802793 

9.803215 
.803(i:i8 
.804001 
.854483 
.8&4906 
.865329 
.865752 
.866174 
.806597 
.867020 

9.867443 
.8678(56 
,868289 
.868712 
.8691.35 
.869558 
.869981 
.870404 
.870827 

9.871250 


7.03 
7.03 
7.02 
7.0:^ 

7. as 

,03 
03 
,03 
,03 
03 
.03 


7.03 

7.a^ 

7.03 
7.03 
7.03 
7.03 
7.03 
7.05 
7.03 
7.03 

7.03 
7.05 
7.03 
7.03 
7.03 
7.05 
7,03 

7  as 

7.05 
7.03 

7.05 
7.03 
7.05 

7.o;3 

7.05 
7.03 
7.05 
7.08 
7.05 
7.03 

7.05 
7.05 
7.08 
7.05 
7.05 
7.05 
7.03 
7.05 
7.05 
7.05 

7.05 
7.05 
7.05 
7.05 
7.05 
7.05 
7.05 
7.05 
7.05 
7.05 


56* 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
30 

21 
22 
23 
34 
25 
26 
27 
28 
29 
30 

31 
33 
33 
34 
35 
36 
37 
38 
39 
40 

41 
43 
43 

44 
45 
46 

47 
48 
49 
50 

51 
53 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 


9.629841 
.630084 
,630326 
.630509 
.6;»811 
.631054 
.631296 
.6315;« 
.631780 
.632022 
.632364 

9.632505 
.632747 
.682989 
.633280 
.633473 
.63JJ713 
.633954 
.634196 
.634437 
.634678 

9.634919 
.635159 
.635400 
.635641 
.635881 
.636123 
.630362 
.636003 
.6:3(5843 
.637083 

9.637333 
.6375(53 
.637803 
.638043 
.63828;i 
.638523 
.688703 
.080001 
.039-^1 
.039480 

9.039719 
,039958 
.040197 
.040430 
.640075 
.640914 
.641153 
.641391 
.641680 
.041868 

9.643107 
.042345 
.642583 
.012822 
.(54.3000 
.048298 
.043r);]5 
.018773 
.041011 

9.e41:;M9 


D.  1". 


4.05 
4.03 
4.05 
4.03 
4.05 
4.03 
4.03 
4.03 
4.03 

4.  as 

4.03 

4.03 
4.03 
4.03 

4. as 

4.03 
4.03 
4.03 
4.03 
4.03 
4.03 

4.00 
4.02 


4. 
4, 
4. 
4, 
4. 
4. 
4. 
4, 


02 
00 
02 
00 
02 
00 
00 
00 


Ex.  sec. 


4.00 
4.00 
4.00 
4.00 
3.98 
4.00 
3.98 
4.00 
3.98 
3.98 

3.98 
3.98 
3.98 
3.98 
3.98 
3.98 
3.97 
3.98 
3.97 
3.98 

3.97 
3.97 
3.98 
3.97 
3.97 
3.95 
3.97 
3.97 
3.97 
3.95 

J433] 


9.871350 
.871073 
.872096 
.873519 
.872943 
.873306 
.873789 
.874213 
.874(536 
.875059 
.875483 

9.875906 
.870329 
.870752 
.877176 
.877599 
.878023 
.878446 
.878870 
.879294 
.879717 

9.880141 
.8805(55 
.880988 
.881412 
.881836 
.882200 
.882083 
.883107 
.883531 
.883955 


9 


.884379 

.884803 
.aS5227 

.880075 
.886499 
.880923 


.887772 
.888196 

.888620 
.88iK)-44 
.889469 
.889893 
.890317 
.890742 
.891106 
.891591 
.892015 
.893440 


9 


892864 
893289 
.893714 
.894138 
.894503 
,894988 
.895412 
.895837 
.890202 
9.890087 


D.  r. 

7.05 
7.05 
7.05 
7.05 
7.07 
7.05 
7.05 
7.07 
7.a5 
7.05 
7.07 

7.05 
7.05 
7.07 
7.05 
7.07 
7.05 
7.07 
7.07 
7.05 
7.07 

7.07 
7.05 
7.07 
7.07 
7.07 
7.05 
7.07 
7.07 
7.07 
7.07 

7.07 
7.07 
7.07 
7.07 
7.07 
7.07 
7.07 
7.08 
7.07 
7.07 

7.07 
7.08 
7.07 
7.07 
7.08 
7.07 
7.08 
7.07 

7. as 

7,07 


7. 

7. 

7. 

7. 

7. 

7.07 

7.08 

7.08 

7.P 

7, 


08 
08 
07 
08 
08 


AND  EXTERNAL  SECANTa 


68<> 

69° 

0 

Vers. 

D.  1-. 

Ex.  sec. 

D.  r. 

0 

Vers. 

D.r. 

Ex.  sec. 

D.  V. 

9.672172 

8.80 

9.947963 

7.17 

9.685708 

3.72 

9.973868 

7.23 

1 

.672400 

3.80 

.918393 

7.17 

1 

.685931 

8.72 

.9r43(K 

7.23 

2 

.673628 

8.80 

.948823 

7.17 

2 

.686154 

8.72 

.974736 

7.22 

3 

.672856 

8.78 

.949253 

7.17 

8 

.686377 

3.72 

.975169 

7.23 

4 

.673083 

8.80 

.949683 

7.18 

4 

.686600 

8.72 

.975603 

7.23 

5 

.673311 

3.V8 

.950114 

7.17 

5 

.686823 

8.72 

.976037 

7.23 

6 

.673538 

8.80 

.950544 

7.18 

6 

.687046 

8.72 

.976471 

7.23 

7 

.673766 

3.78 

.950975 

7.17 

7 

.687269 

8.72 

.976905 

7.23 

8 

.673993 

3.78 

.951405 

7.18 

8 

.687492 

3.70 

•  .977a39 

7.23 

9 

.674220 

3.80 

.951836 

7.17 

i  9 

.687714 

8.72 

.977773 

7.23 

10 

.674448 

8.78 

.952266 

7.18 

10 

.687937 

8.70 

.978207 

7.23 

u 

9.674675 

3.78 

9.952697 

7.18 

11 

9.688159 

3.72 

9.978041 

7.23 

12 

.674902 

8.78 

.953128 

7.17 

12 

.688382 

8.70 

.979075 

7.25 

13 

.675129 
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47 

.734515 

B.43 

.074260 

7.53 

47 

.746816 

s.m 

.101623 

7.65 

4S 

.734721 

8.45 

.074712 

7.55 

48 

.747019 

3.38 

.102082 

7.67 

49 

.734928 

8.45 

.075166 

7.55 

49 

.747222 

3.37 

.102642 

7.67 

50 

.735135 

B.45 

.075618 

7.55 

50 

.747424 

3.38 

.103002 

7.67 

51 

9.785342 

8.45 

10.076071 

7.55 

51 

9.747627 

3.38 

10.108462 

7.67 

52 

.735549 

8.43 

.076524 

7.66 

52 

.747a30 

3.38 

.103922 

7.67 

53 

.735755 

3.45 

.076977 

7.57 

63 

.748033 

3.37 

.104382 

7.68 

54 

.735962 

3.45 

.077431 

7.66 

64 

.748235 

3.38 

.104848 

7.67 

55 

.736169 

8.43 

.077884 

7.67 

55 

.748438 

3.37 

.105303 

7.68 

56 

.736375 

8.43 

.078338 

7.67 

56 

.748640 

3.38 

.105764 

7.67 

57 

.736581 

8.45 

.0787'92 

7.65 

57 

.748843 

3.37 

.106224 

7,r 

58 

.736788 

3.43 

.079245 

7.67 

58 

.749045 

3.37 

.106685 

7 

59 

.736994 

8.43 

.079699 

7.57 

69 

.749247 

3.37 

.107146 

7 

60 

a.737200 

3.43 

10.080153 

7.68 

60 

9.749449 

3.38 

10.107607 

1 
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TABLE  ZXVI.~LOaABITHMIC  VBBSED  SINES 


64 

e 

/ 

Vers. 

D.  1". 

Ex.  sec. 

D  r. 

0 

9.74»149 

3.38 

10.107607 

7.70 

1 

.749652 

3.37 

.106069 

7.68 

2 

.749654 

3.37 

.106580 

7.70 

3 

.750056 

3.37 

.106992 

7.68 

4 

.750238 

3.86 

.109458 

7.70 

5 

.750459 

8.87 

.109915 

7.70 

6 

.750661 

8.37 

.110377 

7.70 

7 

.750863 

8.37 

.110639 

7.70 

8 

.751065 

3.35 

.111301 

7.70 

9 

.751266 

3.37 

.111768 

7.72 

10 

•  .751468 

3.85 

.112226 

7.70 

11 

9.751669 

8.87 

10.112686 

7.72 

12 

.751871 

8.36 

.118151 

7.72 

13 

.752072 

8.85 

.113614 

7.72 

14 

.752278 

8.37 

.114077 

7.72 

15 

.752475 

3.85 

.114540 

7.72 

16 

.752676 

3.85 

.115003 

7.72 

17 

.752877 

8.35 

.115466 

7.72 

18 

.753078 

3.85 

.115929 

7.73 

19 

.753279 

3.85 

.116393 

7.73 

20 

.753480 

3.36 

.116857 

7.73 

21 

9.753681 

3.88 

10.117321 

7.73 

22 

.753881 

8.85 

.117785 

7.73 

23 

.754082 

8.35 

.118249 

7.73 

24 

.754288 

3.38 

.118713 

7.73 

25 

.754488 

8.85 

.119177 

7.75 

26 

.754684 

8.33 

.119642 

7.78 

27 

.754884 

3.85 

.120106 

7.75 

28 

.755085 

8.88 

.120671 

7.75 

29 

.755285 

8.38 

.121036 

7.75 

30 

.755486 

3.38 

.121501 

7.75 

31 

9.756685 

8.85 

10.121966 

7.75 

32 

.755886 

338 

.U2431 

7.77 

33 

.756086 

3.38 

.122897 

7.76 

34 

.756286 

3.33 

.123362 

7.77 

35 

.756486 

3.32 

.123828 

7.77 

36 

.756685 

3.33 

.124294 

7.77 

37 

.756885 

3.88 

.124760 

7.77 

38 

.757085 

3.33 

.125226 

7.77 

39 

.757285 

3.32 

.125692 

7.77 

40 

.757484 

3.33 

.126158 

7.78 

41 

9.755:684 

8.32 

10.126625 

7.78 

42 

.757883 

3.33 

.127092 

7.77 

43 

.758083 

3.32 

.127558 

7.78 

44 

.758282 

3.32 

.128025 

7.78 

45 

.758481 

3.33 

.128492 

7.80 

46 

.758681 

3.32 

.128960 

7.78 

47 

.758880 

3.32 

.129427 

7.78 

48 

.759079 

3.32 

.129894 

7.80 

49 

.759278 

3.32 

.130362 

7.80 

50 

.759477 

3.32 

.130830 

7.80 

51 

9.759676 

3.32 

10.131298 

7.80 

52 

.759875 

3.30 

.131766 

7.80 

53 

.760073 

3.32 

132234 

7.80 

54 

.760272 

3.32 

.182702 

7.80 

55 

.760471 

8.30 

.133170 

7.82 

56 

.760669 

8.32 

.183639 

7.82 

57 

.760868 

3.30 

.134108 

7.82  1 

58 

.761066 

3.32 

.134677 

7.82 

59 

.761265 

3.30 

.135046 

7.82 

-»/) 

9.761463 

3.30 

10.135515 

7.82 

650 

0 

Vers. 

D.  r. 

Ex.  sec. 

D.l". 

9.761463 

8.80 

10.185515 

7.82 

1 

.761661 

8.82 

.185964 

7.83 

2 

.761860 

8.80 

.136454 

7.82 

8 

.769066 

8.80 

.186923 

7.83 

4 

.762266 

8.80 

.137398 

7.83 

6 

.762454 

8.80 

.187868 

7.83 

6 

.762662 

8.80 

.188338 

7.83 

7 

.762660 

8.28 

.138603 

7.83 

8 

.768047 

8.80 

.189273 

7.85 

9 

.768246 

8.80 

.139744 

7.83 

10 

.768443 

8.80 

.140214 

7.85 

11 

9.763641 

8.26 

10.140685 

7.85 

12 

.763888 

8.80 

.141156 

7.85 

18 

.764066 

8.26 

.141627 

7.85 

14 

.764288 

8.26 

.142096 

7.85 

15 

.764480 

8.80 

.142569 

7.87 

16 

.7(M626 

8.26 

.143041 

7.85 

17 

.7&1625 

3.26 

.148512 

7.67 

18 

.765022 

3.26 

.148964 

7.87 

19 

.765219 

3.26 

.144456 

7.67 

20 

.765416 

8.28 

.144926 

7.87 

21 

9.766618 

8.26 

10.145400 

7.87 

22 

.765810 

8.26 

.145872 

7.88 

23 

.766007 

3.28 

.146345 

7.88 

24 

.766204 

8.28 

.146818 

7.87 

25 

.766401 

8.27 

.147290 

7.88 

26 

.766597 

8.28 

.147763 

7.88 

27 

.766794 

8.26 

.148236 

7.90 

28 

.766991 

8.27 

.148710 

7.88 

29 

.767187 

8.28 

.149183 

7.90 

30 

.767384 

8.27 

.  .149657 

7.88 

81 

9.767680 

8.27 

lo.ieoiiso 

7.90 

82 

.767776 

8.27 

.150604 

7.90 

38 

.767972 

8.26 

.151078 

7.90 

34 

.768169 

8.27 

.151552 

7.92 

35 

.768866 

3.27 

.152027 

7.90 

36 

.768561 

8.27 

.152501 

7.9? 

37 

.768757 

8.27 

.152976 

7.90 

38 

.768958 

8.27 

.163450 

7.92 

89 

.769149 

8.25 

.153925 

7.92 

40 

.769344 

8.27 

.154400 

7.93 

41 

9.769540 

8.27 

10.154876 

7.92 

42 

.7697^6 

8.26 

.156351 

7.ii2 

43 

.769981 

8.27 

.155626 

7.93 

44 

.770127 

8.27 

.156802 

7.93 

45 

.770328 

8.26 

.166778 

7.93 

46 

.770518 

8.25 

.157254 

7.93 

47 

.770718 

8.27 

.157730 

7.93 

48 

.770909 

3.26 

.158206 

7.95 

49 

.771104 

8.26 

.158683 

7.93 

50 

.771299 

3.26 

.159159 

7.95 

51 

9.771494 

3.25 

10.169636 

7.95 

58 

.771689 

8.25 

.160113 

7.95 

58 

.771884 

8.25 

.160590 

7.95 

54 

.772079 

8.25 

.161067 

7.97 

55 

.772274 

8.26 

.161545 

7.95 

56 

.772469 

8.26 

.16202S 

7.97 

57 

.772664 

3.28 

.162500 

7.97 

58 

.772858 

8.26 

.162978 

7.97 

59 

.778053 

8.25 

.163456 

7.97 

60 

9.773248 

8.28 

10.163984 

7.98 
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AND  EXTERNAL  SECANTS. 


66 

9 

67° 

0 

Vera.- 

D.r. 

Ex.  sec. 

D.  r. 

/ 

0 

Vera. 

D.  r. 

Ex.  sec. 

D.l'. 

9.778248 

8.28 

10.168984 

7.98 

9.784809 

3.18 

10.193931 

8.15 

1 

.778443 

8.23 

.164418 

7.97 

1 

.785000 

3.18 

.193430 

8.13 

2 

.778686 

3.25 

.164891 

7.98 

2 

.785191 

3.17 

.193906 

8.15 

3 

.778881 

3.23 

.165870 

7.98 

8 

.785881 

3.18 

.194397 

8.15 

4 

.774085 

3.28 

.165849 

7.98 

4 

.785573 

8.18 

.194886 

8.17 

6 

.774219 

3.25 

.166838 

7.98 

5 

.785768 

3.17 

.195376 

8.15 

6 

.774414 

8.28 

.166807 

7.98 

6 

.785958 

3.18 

.195865 

8.17 

7 

.774608 

8.23 

.167286 

8.00 

7 

.786144 

8.17 

.196355 

8.17 

8 

.774802 

3.23 

.167766 

7.98 

8 

.786384 

8.17 

.196845 

8.17 

9 

.774996 

8.23 

.168245 

8.00 

9 

.786534 

8.18 

.197335 

8.17 

10 

.775190 

8.23 

.168726 

8.00 

10 

.786715 

8.17 

.197825 

8.17 

11 

9.775884 

8.22 

10.169306 

8.00 

11 

9.786905 

8.17 

10.196315 

8.18 

12 

.776677 

3.23 

.169686 

8.00 

12 

.787096 

8.17 

.198806 

8.18 

13 

.775771 

3.23 

.170166 

8.03 

18 

.787385 

8.17 

.199297 

8.18 

14 

.775965 

8.23 

.170646 

8.03 

14 

.787475 

3.17 

.199788 

8.18 

15 

.776159 

3.22 

.171137 

8.00 

16 

.787665 

3.17 

.200279 

8.18 

16 

.776852 

d.23 

.171607 

8.02 

16 

.787855 

3.17 

.200770 

8.20 

17 

.776546 

8.22 

.173088 

8.02 

17 

.788045 

8.17 

.301363 

8.18 

18 

.776789 

3.23 

.172569 

8.03 

18 

.788285 

3.17 

.301758 

8.20 

19 

.Treoaa 

3.23 

.178051 

8.02 

19 

.788425 

3.16 

.303345 

8.20 

20 

.777126 

8.22 

.178682 

8.03 

20 

.788614 

3.17 

.202737 

8.30 

21 

9.777819 

8.22 

10.174014 

8.08 

31 

9.788804 

8.16 

10.203229 

8.22 

22 

.77/512 

8.22 

.174496 

8.03 

33 

.788993 

3.17 

.203733 

8.22 

23 

.777705 

8.23 

.174978 

8.08 

23 

.789188 

8.15 

.304215 

8.20 

24 

.777899 

8.22 

.175460 

8.08 

34 

.789373 

8.17» 

.204707 

8.22 

25 

.778092 

3.32 

.175942 

8.05 

36 

.789662 

3.15 

.205200 

8.23 

26 

.778285 

8.20 

.176426 

8.03 

36 

.789751 

8.15 

.305694 

8.22 

27 

.77847? 

3.22 

.176907 

8.05 

27 

.789940 

3.17 

.306187 

8.23 

38 

.778670 

3.22 

.177890 

8.05 

28 

.790130 

3.15 

.306681 

8.22 

29 

.778863 

8.22 

.177878 

8.05 

29 

.790819 

8.15 

.307174 

8.23 

30 

.779066 

8.20 

.178856 

8.05 

80 

.790508 

8.15 

.307668 

8.28 

31 

9.779348 

8.22. 

10.178889 

8.07 

31 

9.790697 

3.15 

10.208163 

8.25 

32 

.TrW41 

d.22 

.179323 

8.07 

33 

.790886 

3.15 

.306657 

8.28 

33 

.779634 

8.20 

.179807 

8.05 

83 

.791075 

3.15 

.309151 

8.35 

34 

.779886 

3.30 

.180200 

8.07 

84 

.791264 

8.16 

.309646 

8.35 

35 

.780018 

8.22 

.180774 

8.06 

86 

.791468 

8.13 

.310141 

8.25 

36 

.780811 

3.30 

.181260 

8.07 

36 

.791641 

8.15 

.310636 

8.26 

37 

.780403 

3.20 

.181743 

8.07 

37 

.791880 

3.15 

.311131 

8.27 

38 

.780595 

8.20 

.182827 

8.08 

38 

.792019 

8.13 

.311627 

8.27 

39 

.780787 

8.22 

.182712 

8.08 

39 

.792207 

3.15 

.212123 

8.25 

40 

.780980 

3.20 

.183197 

8.08 

40 

.792896 

3.13 

.212618 

8.28 

41 

9.7811TO 

8.20 

10.183682 

806 

41 

9.792584 

8.13 

10.213115 

8.27 

42 

.781864 

3.30 

.1S4167 

8.10 

43 

.792772 

3.15 

.213611 

8.27 

43 

.781556 

3.18 

.184653 

8.08 

43 

.792961 

3.13 

.214107 

8.28 

44 

.781747 

3.30 

.185188 

8.10 

44 

.793149 

8.18 

.214604 

8.28 

45 

.781989 

8.30 

.186624 

8.10 

45 

.793337 

3.18 

.215101 

8.28 

46 

.782181 

8.30 

.186110 

8.10 

46 

.793535 

3.15 

.215598 

8.28 

47 

.782828 

3.18 

.186596 

8.10 

47 

.793714 

8.13 

.216095 

8.30 

48 

.782514 

8.30 

.187083 

8.10 

48 

.793903 

3.13 

.216593 

8.28 

49 

.782706 

8.18 

.187668 

8.12 

49 

.794090 

3.12 

.217090 

8.30 

50 

.782897 

8.20 

.188056 

8.13 

50 

.7M277 

3.13 

.217588 

8.30 

51 

9.788089 

8.18 

10.188643 

8.12 

51 

9.794466 

3.13 

10.218086 

8.32 

52 

.788380 

8.18 

.189039 

8.12 

53 

.794658 

3.13 

.2185&5 

8.30 

53 

.788471 

8.20 

.189616 

8.12 

53 

.794841 

8.12 

.219083 

8.32 

54 

.783668 

8.18 

.190008 

8.13 

54 

.795028 

3.13 

.219582 

8.32 

55 

.788854 

3.18 

.190491 

8.12 

55 

.795216 

8.18 

.220081 

8.32 

56 

.784045 

8.18 

.190978 

8.13 

56 

.795404 

3.12 

.230580 

8.82 

57 

.784286 

8.18 

.191466 

8.18 

57 

.795591 

8.13 

.221079 

8.82 

58 

.784427 

8.18 

.191964 

8.15 

68 

.795779 

3.12 

.221578 

8.83 

50 

.784618 

8.18 

.192448 

8.n 

59 

.795966 

3.12 

.222078 

8.P- 

60 

9.784809  1  8.18 

10.193981 

8.16 

60 

9.796153  1  3.13 

10.222578  1  8 
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TABLE  XXVI.— LOGARITHMIC  VERSED  SINES 


68« 


/ 

Vers. 

D.V. 

Ex.  sec. 

D.r. 

0 

9.796153 

3.13 

10.222578 

8.33 

1 

.796341 

3.12 

.223078 

8.33 

2 

.796528 

3.12 

.223578 

8.35 

3 

.796715 

3.12 

.2!M0i^ 

8.33 

4 

.796902 

3.12 

.224579 

8.35 

5 

.797089 

3.12 

.225080 

8.35 

6 

.797276 

3.12 

.225581 

8.37 

7 

.797463 

3.12 

.226083 

8.a5 

8 

.797650 

3.12 

.226584 

8.37 

9 

.797837 

3.10 

.227086 

8.37 

10 

.798023 

3.12 

.227588 

8,37 

11 

9.798210 

3.12 

10.228090 

8.87 

12 

.798397 

3.10 

.228592 

8.38 

13 

.798583 

3.12 

.2290a5 

8.38 

14 

.798770 

3.10 

.229598 

8.38 

15 

.798«56 

3.10 

.230101 

8.38 

16 

.799142 

3.12 

.2:30604 

8.38 

17 

.799329 

3.10 

.231107 

8.40 

18 

.799515 

3.10 

.231611 

8.40 

19 

.799701 

3.10 

.232115 

8.40 

20 

.799887 

3.12 

.232619 

8.40 

21 

9.800074 

8.10 

10.833183 

840 

22 

.800260 

3.10 

.233627 

8.42 

23 

.800446 

3.08 

.284132 

8.42 

24 

.800631 

3. to 

.234637 

8.42 

25 

.800817 

3.10 

.235142 

8.42 

26 

.801003 

3.10 

.235&47 

8.43 

27 

.801189 

3.10 

.236153 

8.42 

28 

.801375 

3.08 

.236658 

8.43 

29 

.801560 

3.10 

.237164 

8.43 

30 

.801746 

3.08 

.237670 

8.45 

31 

9.801931 

3.10 

10.238177 

8.43 

32 

.802117 

3.08 

.238683 

8.45 

S3 

.802302 

3.08 

.239190 

8.45 

34 

.802487 

3.10 

.239697 

8.45 

35 

.802673 

3.08 

.240204 

8.47 

36  i 

.802858 

3.08 

.240712 

8.45 

37  1 

.803043 

3.08 

.241219 

8.47 

38 

.803228 

8.08 

.241727 

8.47 

39 

.8013413 

3.08 

.242235 

8.48 

40 

.803596 

3.08 

.»42744 

8.47 

41 

9.803783 

3.08 

10.243252 

8.48 

42 

.803968 

3.08 

.243761 

8.48 

43 

.804153 

3.08 

.^44270 

8.48 

44 

.804338 

3.07 

.244779 

8.50 

45 

.804522 

3.08 

.^5289 

8.48 

46 

.804707 

3.08 

.245798 

8.50 

47 

.804892 

3.07 

.246308 

8.50 

48 

.8a5076 

3.08 

.246818 

8.52 

.49 

.805261 

3.07 

.247329 

8.50 

50 

.80*445 

3.07 

.247839 

8.52 

51 

9.805629 

3.08 

10.248350 

8.52 

52 

.80)814 

3.07 

.248861 

8.52 

,53 

.805998 

3.07 

.241W72 

8.52 

m 

.806182 

3.07 

.249883 

8.53 

155 

.806366 

3.07 

.250J395 

8.53 

56 

.806550 

3.07 

.250907 

8.53 

57 

.m)7M 

3.07 

.251419 

8.55 

58 

.80(3918 

3.07 

.251932 

8.53 

-9 

.807102 

3.07 

.25-^44 

8.55 

9.807286 

3.07 

10.252957 

8.55 

69< 


Vers.  D.  1'. 


Ex.  sec. 


0 

9.807286 

1 

.807470 

2 

.807«54 

3 

.807837 

4 

.806021 

5 

.808204 

6 

.806388 

7 

.808571 

8 

.808755 

9 

.808938 

10 

.609121 

11 

9.809305 

12 

.809488 

13 

.609671 

14 

.809854 

15 

.810087 

16 

.810220 

:  17 

.810403 

,  18 

.810585 

19 

.810766 

20 

.810951 

21 

9.811134 

22 

.811816 

23 

.611499 

24 

.811681 

25 

.811864 

26 

.812046 

27 

.812228 

28 

.812410 

29 

.812593 

30 

.812775 

31 

9.612967 

32 

.818189 

33 

.818321 

34 

.613503 

35 

.813685 

36 

.613866 

37 

.814048 

,  38 

.814280 

,  39 

.814411 

40 

.814598 

41 

9.814775 

42 

.814956 

43 

.815187 

44 

.815319 

45 

.815500 

46 

.815681 

47 

.815862 

48 

.816044 

49 

.616226 

50 

.816406 

51 

9.616587 

52 

.616767 

53 

.616946 

54 

.817129 

i  55 

.617310 

56 

.817490 

1  57 

.817671 

58 

.817852 

59 

.618032 

60 

9.818213 

8.07 
3.07 
3.05 
3.07 
3.05 
3.07 
3.05 
3.07 
8.05 
8.05 
8.07 

3.06 
8.05 
8.05 
3.05 
3.06 
8.06 
3.08 
3.06 
3.05 
3.06 

3.08 
3.06 
3.08 
8.06 
3.03 
8.08 
8.03 
8.06 
3.03 
3.08 


8.08 
8.08 
8.03 
3.08 
3.02 
3.03 
3.03 
3.02 
3.03 
3.03 

8.02 
8.02 
8.03 
3.02 
3.02 
8.02 
8.03 
3.02 
3.02 
8.02 


.7< 


8.00 

10.279424 

3.00 

.879949 

3.02 

.860475 

8.02 

.881000 

8.00 

.8616a27 

3.02 

.888063 

8.02 

.888580 

3.00 

.888106 

8.02 

.888634 

8.00 

10.884161 

D.l'. 


10.252957 
.253470 
.858963 
.854497 
.855010 
.255524 
.256039 
.256553 
.857068 
.857562 
.266096 

10.858613 
.869129 
.269644 
.860160 
.260677 
.261193 
.861710 
.862227 
.862744 
.863262 

10.868779 
.864297 
.864815 
.866884 
.866653 
.866871 
.<866891 
.867410 
.867980 
.866449 

10.866970 
.869490 
.270011 
.870681 
.271062 
.271574 
.879095 
.272617 
.273139 
.879662 

10.274164 
.274707 
.275830 
.875758 
.876277 
.876601 
.277825 
.877649 
.876874  , 


8.55 
8.55 
6.57 
8.55 
8.57 
8.58 
8.57 
8.58 
8.57 
8.60 
6.58 

8.60 
8.56 
8.60 
8.62 
8.60 
6.62 
6.62 
8.62 
6.63 
6.62 

6.63 
8.63 
8.65 
8.65 
8.63 
8.67 
8.G6 
6.67 
8.65 
6.68 

8.67 

8.68 
«.67 
8.68 
8.70 
8.68 
8.70 
8.70 
8.72 
8.70 

6.72 
8.T2 

6.ra 

8.78 
8.73 
8.73 
8.r3 
8.75 
8.75 
6.75 


75 
77 
75 


6. 
8. 

8. 

6.78 

6.77 

6.78 

8.77 

6.80 

6-78 

8.80 


[440] 


AND  EXTERNAL  SECANTS 


70« 


Vera. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
2i 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
88 
89 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.818218 
.818398 
.818578 
.818754 
.818934 
.819114 
.819294 
.819474 
.819654 
.819834 
.820014 

9.820194 
.820874 
.820553 
.820788 
.890918 
.821092 
.821272 
.821451 
.821631 
.821810 

9.821969 
.822168 
.822848 
.822527 
.822706 
.822885 
.823064 
.82824» 
.823421 
.828600 

9.828770 
.8S3958 
.824186 
.824315 
.824493 
.824672 
.824850 
.825028 
.825207 
.826885 

9.825563 
.825741 
.826919 
.826097 
.826275 
.826453 
.826631 
.826809 
.826987 
.82n64 

9.827842 
.82r519 
.827697 
.827B74 
.828052 
.828229 
.828406 
.828584 
.828761 

0.828988 


D.  r. 


8.00 
3.00 
3.02 
3.00 
3.00 
3.00 
00 
00 
00 
3.00 
3.00 

8.00 
2.98 
3.00 
3.00 
2.98 


3. 
3. 
3. 


00 
98 
00 
,98 
.98 


2.98 
8.00 
2.98 
2.98 
2.98 
2.98 
2.98 
2.97 
2.98 
2.98 

2.98 
2.97 
2.98 
2.97 
2.98 
2.97 
2.97 
2.98 
2.97 
2.97 

2.97 
2.97 
2.97 
2.97 
2.97 
2.97 
2.97 
2.97 
2.95 
2.97 

2.95 
2.97 
2.95 
2.97 
2.95 
95 
97 


2 

2 
2.95 
2.95 
2.05 


Ex.  sec. 


10.284161 
.3&4689 
.285216 
.285745 
.286273 
.286802 
.287831 
.287860 
.288389 
.288919 
.289419 

10.289979 
.290510 
.291041 
.291572 
.292103 
.292635 
.298166 
.298698 
.294231 
.294764 

10.295296 
.295830 
.296363 
.296897 
.297431 
.297965 
.298500 
.299034 
.299570 
.300105 

10.300641 
.301176 
.301713 
.302249 
.302786 
.303323 
.303860 
.304398 
.804936 
.305474 

10.306012 
.306551 
.307090 
.307629 
.308169 
.308708 
.309249 
.309789 
.310330 
.310871 

10.311412 
.311953 
.312495 
.313037 
.313580 
.814122 
.814665 
.815209 
.815752 

10.816296 


D.  ir 


8.80 
8.78 
8.82 
8.80 
8.82 
8.82 
8.82 
8.82 
8.83 
8.83 
8.83 

8.85 
8.85 
8.85 
8.85 
8.87 
8.85 
8.87 

o.Oo 

8.88 
8.87 

8.90 
8.88 
8.90 
8.90 
8.90 
8.92 
8.90 
8.98 
8.92 
8.93 

8.92 
8.95 
8.93 
8.95 
8.95 
8.95 
8.97 
8  97 
8.97 
8.97 

8.98 
8.98 
8.98 
9.00 
8.98 
9.02 
9.00 
9.02 
9.02 
9.02 

9.02 
9.03 
9.03 
9.05 
9.03 
9.05 
9.07 
9.05 
9.07 
9.07 


71* 


0 

1 

2 
8 
4 
5 

6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 
32 
38 
34 
35 
36 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


Vers. 

D.l". 

9.828988 

2.95 

.82911IS 

2.95 

.829292 

2.95 

.829469 

2.95 

.829646 

2.95 

.829828 

2.95 

.830000 

2.95 

.830177 

2.93 

.830353 

2.95 

.830530 

2.93 

.880706 

2.95 

9.880683 

2.93 

.831059 

2.95 

.831236 

2.98 

.831412 

2.95 

.831589 

2.98 

.831765 

2.98 

.831941 

2.98 

.832117 

2.98 

.833293 

2.93 

.832469 

2.93 

9.832645 

2.98 

.832821 

2.98 

.832997 

2.93 

.883173 

2.98 

.833349 

2.98 

.8aS525 

2.92 

.833700 

2.93 

.833876 

2.92 

.834051 

2.93 

.834227 

2.92 

9.834402 

2.93 

.&34578 

2.92 

.834753 

2.92 

.834928 

2.93 

.835104 

2.92 

.835279 

2.92 

.835454 

2.92 

.835629 

2.92 

.835804 

2.92 

.835979 

2.92 

0.836154 

2.92 

.836329 

2.92 

.836504 

2.90 

.836678 

2.92 

.836853 

2.92 

.837028 

2.90 

.837202 

2.88 

.837377 

2.90 

.837551 

2.92 

.887726 

2.90 

9.837900 

2.92 

.838075 

2.90 

.838249 

2.90 

.838423 

2.90 

.838597 

2.90 

.838771 

2.90 

.838945 

2.90 

.839119 

2.90 

.839293 

2.90 

9.839467 

2.90 

XiX.  9ec> 


D.l*. 


10.316296 
.816840 
.817385 
.817929 
.318475 
.319020 
.319565 
.320111 
.320658 
.321204 
.821751 

10.322298 
.822845 
.823393 
.823941 
.324489 
.825038 
.825587 
.826136 
.326686 
.827285 

10.827786 
.328336 
.328887 
.329438 
.329989 
.330541 
.331093 
.331645 
.332198 
.332750 

10.333304 
.333a')7 
.834411 
.334965 
.335520 
.886074 
.336629 
.837185 
.337741 
.338297 

10.338853 
.339410 
.339967 
.34055M 
.341082 
.341640 
.842198 
.342756 
.343315 
.843875 

10.844434 
.344994 
.345554 
.846115 
.846676 
.347237 
.347798 
.348360 
.348922 

10.349485 


9.07 
9.08 
9.07 
9.10 
9.08 
9.08 
9.10 
9.12 
9.10 
9.12 
9.12 

9.12 
9.18 
9.13 
9.13 
9.15 
9.15 
9.15 
9.17 
9.15 
9.18 

9.17 
9.18 
9.18 
9.18 
9.20 
9.20 
9.20 
9.22 
9.20 
9.28 

9.22 
9.2:3 
9.23 
9.25 
9.23 
9.25 
9.27 
9.27 
9.27 
9.27 

9.28 
9.28 
9.28 
9.30 
9.30 
9.80 
9.30 
9.32 
9.33 
9.32 

9.33 
9.33 
9.35 
9.35 
9.35 
9.35 
9.37 
9.37 
9.38 
9  ■ 


l44il 


TABLE  XXVI.— LOQAKITHMIC  VERSED  SINES 


72 

0 

/ 

Vers. 

D.l". 

Ex.  seo. 

D.  1'. 

"o" 

9.839467 

2.90 

10.349485 

9.88 

1 

.839641 

2.90 

.350048 

9.88 

2 

.839815 

2.90 

.350611 

9.40 

3 

.839989 

2.88 

.861175 

9.88 

4 

.840162 

2.90 

.851738 

9.42 

5 

.840336 

2.90 

.852308 

9.40 

6 

.840510 

2.88 

.352867 

9.42 

7 

.840683 

2.90 

.353432 

9.42 

8 

.840857 

2.88 

.353997 

9.43 

9 

.841030 

2.90 

.354568 

9.43 

10 

.841204 

2.88 

.355129 

9.43 

11 

9.841377 

2.88 

10.355695 

9.43 

12 

.841550 

2.88 

.356261 

9.45 

13 

.841723 

2.88 

.356828 

9.45 

14 

.841896 

2.90 

.357395 

9.47 

15 

.842070 

2.88 

.357963 

9.47 

16 

.842243 

2.88 

.358531 

9.47 

17 

.842416 

2.88 

.359099 

9.48 

18 

.842589 

2.88 

.359668 

9.48 

19 

.842762 

2.87 

.360237 

9.48 

20 

.842934 

2.88 

.360606 

9.60 

21 

9.843107 

2.88 

10.361376 

9.50 

22 

.843280 

2.88 

.861946 

9.50 

23 

.843453 

2.87 

.362516 

9.52 

24 

.843625 

2.88 

.363067 

9.52 

25 

.843798 

2.87 

.363658 

9.62 

26 

.843970 

2.88 

.304229 

9.58 

27 

.844143 

2.87 

.364801 

9.53 

28 

.844315 

2.88 

.366373 

9.58 

29 

.844488 

2.87 

.365945 

9.55 

30 

.844660 

2.87 

.366518 

9.55 

31 

9.844832 

2.87 

10.367091 

9.57 

32 

.845004 

2.88 

.867665 

9.57 

33 

.845177 

2.87 

.368239 

9.57 

34 

.845349 

2.87 

.368813 

9.57 

35 

.845521 

2.87 

.369387 

9.58 

36 

.845698 

2.87 

.369962 

9.60 

37 

.845865 

2.87 

.370538 

9.58 

38 

.846037 

2.85 

.371113 

9.60 

39 

.846208 

2.87 

.871689 

9.62 

40 

.846380 

2.87 

.372266 

9.60 

41 

9.846552 

2.87 

10.372842 

9.62 

42 

.846724 

2.85 

.873419 

9.68 

43 

.846895 

2.87 

.873997 

9.63 

44 

.847067 

285 

.374575 

9.68 

45 

.847238 

2  87 

.875158 

9.63 

46 

.847410 

2.85 

.375731 

9.65 

47 

.847581 

2.87 

.376810 

9.67 

48 

.847753 

2.85 

.376890 

9.65 

49 

.847924 

2.85 

.377469 

9.67 

50 

.848095 

2.87 

.378049 

9.68 

51 

9.848267 

2.85 

10.378630 

9.67 

52 

.848438 

2.85 

.379210 

9.70 

53 

.848609 

2.85 

.379792 

9.68 

54 

.848780 

2.85 

.380373 

9.70 

55 

.848951 

2.85 

.380955 

9.70 

56 

.849122 

2.85 

.381537 

9.72 

57 

.849293 

2.85 

.382120 

9.72 

58 

.849464 

2.83 

.382703 

9.72 

59 

.849634 

2.85 

.883286 

9.73 

60 

9.849605 

2.85 

10.383870 

9.73 

73* 


1 


Vers. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 
25 
28 
27 
28 
29 
80 

81 
82 
88 
84 
86 
86 
87 
88 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
62 

53 
54 
55 
66 
57 
58 
59 
68 


9.849806 
.849076 
.850147 
.860317 
.860488 
.860658 
.850829 
.860999 
.861169 
.851340 
.861610 

9.851680 
.851860 
.852020 
.862190 
.862360 
.862530 
.862700 
.852870 
.868040 
.868209 

9.868879 
.868649 
.868718 
.858888 
.854057 
.854227 
.854896 
.864665 
.864786 
.864904 

9.856078 
.856242 
.865411 
.855580 
.855749 
.865918 
.856087 
.856256 
.856424 
.856593 

9.866762 
.856990 
.857099 
.857267 
.867436 
.857604 
.857772 
.857941 
.858109 
.858277 

9.858445 
.858618 
.858781 
.858949 
.859117 
.859286 
.859458 
.859621 
.869788 

9.859956 


D.r. 


Ex.  sec. 


2.85 
2.86 
2.88 
2.85 
2.88 
2.86 
2.83 
2.83 
2.86 
2.83 
2.88 

2.83 
2.88 
2.88 
2.88 
2.88 
2.88 
2.88 
2.88 
2.82 
2.83 

2.83 
2.82 
2.83 
2.82 
2.88 
2.82 
2.82 
2.88 
2.82 
2.82 

2.82 
2.82 
2.82 
3.82 
2.82 
2.82 
2.80 
2.83 
2.82 
2.82 

3.80 
3.82 
2.80 
2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
3.80 

3.80 
2.80 
3.80 
3.80 
3.80 
2.80 
3.80 
3.78 
3.80 
3.80 


10.883870 
.884454 
.386038 
.385623 
.386209 
.386794 
.887380 
.887967 
.888564 
.889141 
.889728 

10.390816 
.390905 
.391493 
.892062 
.892673 
.398262 
.803853 
.394443 
.396084 
.895635 

10.396217 
.396809 
.397403 
.897995 
.896689 
.899182 
.399777 
.400871 
.400966 
.401562 

10.402158 
.402754 
.408351 
.408948 
.404545 
.405143 
.405743 
.406340 
.406989 
.407689 

10.406130 
.408739 
.409340 
.409941 
.410648 
.411145 
,411747 
.413850 
.413964 
.418557 

10.414161 
.414766 
.415871 
.415976 
.416583 
.417189 
.417795 
.418403 
.410010 

10.419618 


D.r. 

9.73 
9.73 
0.75 
9.77 
9.75 
9.77 
9.78 
9.78 
9.78 
9.78 
9.80 

9.82 
9.80 
9.82 
9.83 
9.88 
9.83 
9.86 
9.85 
9.85 
9.87 

9.87 
9.88 
9.88 
9.90 
9.88 
9.92 
9.90 
9.92 
9.98 
9.93 

9.98 
9.95 
9.95 
9.95 
9.97 
0.98 
9.97 
9.98 
10.00 
10.00 

10.00 
10.02 
10.03 
10.03 
10.03 
10.03 
10.05 
10.07 
10.05 
10.07 

10.08 
10.08 
10.08 
10.10 
10.12 
10. 10 
10.12 
10.18 
10.18 
10.18 
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AND  EXTERNAL  SECANTS. 


74 

D 

76<» 

0 

Vers. 

D.  r. 

Ex.  sec. 

D.  1-. 

0 

Vers. 

D.  r. 

Ex.  sec. 

D.  1'. 

9.859056 

2.80 

10.419618 

10.13 

9.869924 

2.75 

10.456928 

10.60 

1 

.860124 

2.78 

.420^26 

10.15 

1 

.870089 

2.78 

.457564 

10.62 

2 

.860291 

2.80 

.420835 

10.17 

2 

.870258 

2.75 

.458201 

10.63 

8 

.860159 

2.78 

.421445 

10.15 

8 

.870418 

2.73 

.458839 

10.62 

4 

.860626 

2.80 

.422054 

10.17 

4 

.870582 

2.75 

.469476 

10.65 

6 

.860794 

2.78 

.422664 

10.18 

5 

.870747 

2.78 

.460115 

10.65 

0 

.860961 

2.78 

.423275 

10.18 

6 

.870911 

2.75 

.460754 

10.65 

7 

.861128 

2.80 

.423886 

10.20 

7 

.871076 

2.73 

.461393 

10.67 

8 

.861296 

2.78 

.424498 

10.20 

8 

.871240 

2.73 

.462033 

10.67 

9 

.861468 

2.78 

.425110 

10.20 

9 

.871404 

2.73 

.462673 

10.68 

10 

.861630 

2.78 

.425722 

10.22 

10 

.871568 

2.78 

.463314 

10  70 

11 

9.861797 

2.78 

10.426385 

10.22 

11 

9.871732 

2.73 

10.463956 

10.70 

12 

.861964 

2.78 

.426948 

10.23 

12 

.871896 

2.73 

.464598 

10.70 

13 

.862131 

2.78 

.427562 

10.23 

13 

.872060 

2.73 

.465240 

10.72 

14 

.862298 

2.78 

.428176 

10.23 

14 

.872224 

2.73 

465883 

10.73 

15 

.862465 

2.78 

.428790 

10.27 

15 

.872388 

2.73 

.466527 

10.73 

16 

.862632 

2.78 

.429406 

10.25 

16 

.872552 

2.73 

.467171 

10.  ra 

17 

.862799 

2.77 

.430021 

10.27 

17 

.872716 

2.78 

.467815 

10.75 

18 

.862965 

2.78 

.430637 

10.27 

18 

.872880 

2.72 

.468460 

10.77 

19 

.863132 

2.78 

.431253 

10.28 

19 

.873043 

2.73 

.469106 

10.77 

20 

.863299 

2.77 

.431870 

10.30 

20 

.873207 

2.73 

.469752 

10.77 

21 

9.868465 

2.78 

10.432488 

10.28 

21 

9.873371 

2.72 

10.470398 

10.78 

22 

.863682 

2.78 

.433105 

10.32 

22 

.873534 

2.73 

.471045 

10.80 

23 

.863799 

2.77 

.433724 

10.30 

23 

.873698 

2.72 

.471693 

10.80 

24 

.863965 

2.77 

.434342 

10.32 

24 

.873861 

2.73 

.472341 

10.S2 

25 

.864131 

2.78 

.434961 

10.33 

26 

.874025 

2.72 

.472990 

10.82 

26 

.864298 

2.77 

.435581 

10.33 

26 

.874188 

2.72 

.473639 

10.83 

27 

.864464 

2.77 

.436201 

10.38 

27 

.874351 

2.73 

.474289 

10.83 

28 

.864630 

2.78 

.436821 

10.35 

28 

.874615 

2.72 

.474939 

10.85 

29 

.864797 

2.77 

.487442 

10.37 

29 

.874678 

2.72 

.475590 

10.87 

30 

.864963 

2.77 

.438064 

10.37 

80 

.874841 

2.72 

.476242 

10.85 

31 

9.865129 

2.77 

10.438686 

10.37 

31 

9.875004 

2.72 

10.476893 

10.88 

32 

.865295 

2.77 

.439308 

10.38 

32 

.875167 

2.72 

.477546 

10.88 

33 

.865461 

2.77 

.439931 

10.38 

83 

.875330 

2.72 

.478199 

10.88 

34 

.865627 

2.77 

.440554 

10.40 

34 

.875493 

2.72 

.478852 

10.90 

35 

.865793 

2.77 

.441178 

10.40 

35 

.875656 

2.72 

.479506 

10.92 

36 

.865959 

2.75 

.441802 

10.42 

36 

.875819 

2.72 

.480161 

10.92 

37 

.866124 

2.77 

.442427 

10.42 

87 

.875982 

2.72 

.480816 

10.93 

38 

.866290 

2.77 

.443052 

10.43 

88 

.876145 

2.72 

.481472 

10.93 

39 

.866456 

2.77 

.443678 

10.43 

39 

.876308 

2.70 

.482128 

10.95 

40 

.866622 

2.75 

.444304 

10.45 

40 

.876470 

2.72 

.482785 

10.95 

41 

9.866787 

2.77 

10.444931 

10.45 

41 

9.876633 

2.72 

10.488442 

10.97 

42 

.866958 

2.75 

.445558 

10.45 

42 

.876796 

2.70 

.484100 

10.98 

43 

.867118 

2.77 

.446185 

10.47 

43 

.876958 

2.72 

.484759 

10.98 

44 

.867284 

2.75 

.446813 

10.48 

44 

.877121 

2.70 

.485418 

10.98 

45 

.867449 

2.75 

.447442 

10.48 

45 

.877283 

2.70 

.486077 

10.98 

46 

.867614 

2.77 

.448071 

10.48 

46 

.877445 

2.72 

.486738 

11.00 

47 

.867780 

2.75 

.448700 

10.50 

47 

.877608 

2.70 

.487398 

11  02 

48 

.867945 

2.75 

.449330 

10.52 

48 

.8VVVV0 

2.70 

.488059 

11.08 

49 

.868110 

2.75 

.449961 

10.52 

49 

.877932 

2.72 

.488721 

11.05 

50 

.868275 

2.77 

.450592 

10.52 

50 

.878095 

2.70 

.489384 

11.05 

61 

9.868441 

2.75 

10.451223 

10.58 

51 

9.8782.57 

2.70 

10.490047 

11.05 

52 

.868606 

2.75 

.451855 

10.53 

62 

.878419 

2.70 

.490710 

11.07 

53 

.868771 

2.75 

.452487 

10.55 

53 

.878581 

2.70 

.491374 

11.08 

54 

.868936 

2.78 

.453120 

10.57 

54 

.878743 

2.70 

.492039 

11.08 

55 

.869100 

2.75 

.453754 

10.57 

55 

.878905 

2.70 

.492704 

11.10 

56 

.869265 

2.75 

.454388 

10.57 

56 

.879067 

2.70 

.493370 

11.10 

57 

.869480 

2.75 

.465022 

10.58 

57 

.879229 

2.68 

.494036 

11.12 

58 

.869695 

2.75 

.455657 

10.58 

58 

.879390 

2.70 

.494703 

11.13 

59 

.869760 

2.78 

.456292 

10.60 

59 

.879552 

2.70 

.495371 

11. r** 

60 

9.869924 

2.75 

10.456928 

10.60 

60 

9.879714 

2.70 

10.496039 

11 

»' 
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TABLE  XXVI.— LOGABTTHMIC  VERSED  SINES 


76' 


Vers. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
30 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

m 

34 

m 

37 

:38 

39 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
0 


9.879714 
.879876 
.880087 
.880199 
.880360 
.880522 
.880683 
.880845 
.881006 
.881167 
.881329 

9.881490 

.881651 
.881812 
.881973 
.882134 
.882295 
.882456 
.882617 
.882777 
.882938 

9.883099 
.883260 
.883420 
.883581 
.883741 
.883902 
.884062 
.884223 
.884383 
.881543 

9.884703 
.884864 
.885024 
.885184 
.885344 
.886504 
.885664 
.885824 
.885983 
.886143 

9.886303 
.886463 
.886622 
.886782 
.886941 
.887101 
.887260 
.887420 
.887579 
.887739 

9.887898 
.888057 
.888216 
.888375 
.888534 
.888693 
.888852 
.889011 
.889170 

9.889329 


D.  r. 


Ex.  sec. 


2.70 
2.68 
2.70 
2.68 
2.70 
2.68 
2.70 
2.68 
2.68 
2.70 
2.68 

2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.67 
2.68 
2.68 

2.68 
2.67 
2.68 
2.67 
2.68 
2.67 
2.68 
2.67 
2.67 
2.67 

2.68 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.65 
2.67 
2.67 

2.67 
2.65 


2.67 
2.65 
2.67 
2.65 
2.67 
2.65 
2.67 
2.65 


2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 


10.496a39 
.496707 
.49737r 
.498047 
.498717 
.499388 
.600060 
.500732 
.501405 
.502078 
.502752 

10.503426 
.504102 
.504777 
.505454 
.506131 
.506808 
.507486 
.508165 
.508844 
.509524 

10.510305 
.510886 
.511568 
.5122.50 
.512933 
.513617 
.514301 
.514986 
.51,5672 
.516358 

10.517045 
.517732 
.518420 
.519109 
.519798 
.520488 
.521179 
.521870 
.522562 
.523254 

10.523947 
.524641 
.525335 
.526030 
.526726 
.527423 
.528120 
.528817 
.529516 
.530215 

10.530914 
.531614 
.532315 
.533017 
.533719 
.534422 
.535126 
.535830 
.536535 

10.53?^1 


D.r. 


11.13 
11.17 


11. 

11. 
11. 


17 
17 

18 


11.20 
11.90 
11.22 
11.22 
11  2:B 
11.23 

11.27 
11.25 
11.28 
11.28 
11.28 
11.30 
11.32 
11.32 
11.33 
11.35 

11.35 
11.37 
11.37 
11.38 
11.40 
11.40 
11.42 
11.43 
11.43 
11.45 

11.45 
11.47 
11.48 
11.48 
11.50 
11.52 
11.50 
11.53 
11.53 
11.55 

11.57 
11.57 
11.58 
11.60 
11.62 
11.62 
11.62 
11.65 
11.65 
11.65 

11.87 
11.68 
11.70 
11.70 
11.72 
11.73 
11.73 
11.75 
11.77 
11.77 


77* 


0 

1 

2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
2:3 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vera. 

D.r. 

9.889329 

2.65 

.889488 

2.65 

.889647 

2.63 

.869805 

2.65 

.889964 

2.65 

.890123 

2.63 

.890281 

2.65 

.890440 

.2.63 

.890598 

2.65 

.890757 

2.63 

.890915 

2.68 

9.891073 

2.65 

.891232 

2.63 

.891390 

2.63 

.891548 

2.68 

.891706 

2.63 

.891864 

2.68 

.892022 

2.63 

.892180 

2.63 

.893338 

2.63 

.892496 

2.63 

9.892654 

2.68 

.892812 

2.02 

.892969 

2.63 

.893127 

2.63 

.893285 

2.62 

.893442 

2.63 

.893600 

2.63 

.893758 

2.68 

.893915 

2.62 

.894072 

2.63 

9.894230 

2.63 

.894387 

2.63 

.894544 

2.63 

.894702 

2.63 

.894859 

2.63 

.895016 

2.62 

.895173 

2.63 

.895330 

2.62 

.895487 

2.63 

.895644 

2.63 

9.895801 

2.63 

.895958 

2.62 

.896115 

2.63 

.896272 

2.60 

.896428 

2.62 

.896585 

2.63 

.896742 

2.60 

.896898 

2.62 

.897055 

2.60 

.897211 

2.62 

9.897368 

2.60 

.897524 

2.60 

.897680 

2.62 

.897837 

2.60 

.897993 

2.60 

.898149 

2.60 

.898305 

2.60 

.898461 

2.62 

.898618 

2.60 

9.898774 

2.60 

Ex.  sec. 


10.537241 
.587947 
.538654 
.539362 
.540071 
.540780 
.541490 
.542200 
.542911 
.543623 
.544336 

10.545049 
.545763 
.546477 
.547193 
.547909 
.548636 
.549343 
.550061 
.550780 
.551500 

10.553330 
.552941 
.553663 
.554385 
.555109 
.555888 
.556557 
.557288 
.558009 
.658736 

10.559463 
.560192 
.560921 
.561651 
.562381 
.563113 
.563845 
.564577 
.565311 
.566045 

10.566781 
.567516 
.568253 
.568990 
.569729 
.570468 
.571307 
.571948 
.672689 
.573431 

10.574174 
.574917 
.575662 
.576407 
.577158 
.577900 
.678647 
.579396 
.580145 

10.580895 


D.r. 

11.77 

11.78 
11.80 
11.82 
11.82 
11.83 
11.83 
11.85 
11.87 
11.88 
11.88 

11.90 
11.90 
11.93 
11.93 
11.95 
11.95 
11.97 
11.98 
12.00 
12.00 

J3.02 
12.03 
12.03 
12.07 
12.07 
12.07 
12.10 
12.10 
12.12 
12.13 

12.15 
12.15 
12.17 
12.17 
12.20 
12.20 
12.30 
12.23 
12.23 
12.27 

12.25 
12.28 
12.28 
12.32 
12.33 
13.32 
12.35 
12.35 
12.37 
12.38 

12.38 
12.42 
12.42 
12.43 
12.45 
12.45 
12.48 
13.48 
12.50 
12.50 
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AND  EXTERNAL  SECANTS. 


78 

o 

/ 

Vers. 

D.  r. 

Ex.  sec. 

D.r. 

0 

9.898774 

2.60 

10.580895 

12.50 

1 

.898930 

2.60 

.581645 

12.53 

2 

.899086 

2.58 

.582397 

12.53 

3 

.899241 

2.60 

.583149 

12.57 

4 

.899397 

2.60 

.583903 

12.57 

5 

.899553 

2.60 

.584657 

12.57 

6 

.899709 

2.60 

.585411 

12.60 

7 

.899865 

2.58 

.586167 

12.60 

8 

.900020 

2.60 

.586923 

12.63 

9 

.900176 

2.58 

.587681 

12.63 

IC 

.900331 

2.60 

.588439 

12.66 

11 

9.900487 

2.58 

10.589198 

12.65 

12 

.900642 

2.60 

.589957 

12.68 

13 

.900798 

2.58 

.590718 

12.68 

14 

.900953 

2.58 

.591479 

12.72 

15 

.9.J1108 

2.60 

.592242 

12.72 

1() 

.901264 

2.58 

.593005 

12.73 

17 

.901419 

2.58 

.593769 

12.73 

18 

.901574 

2.58 

.594533 

12.  V7 

19 

.901729 

2.58 

.595299 

12.78 

ao 

.901884 

2.60 

.596066 

12.78 

21 

9.902040 

2.58 

10.596833 

12.80 

22 

.902195 

2.58 

.597601 

12.82 

23 

.902350 

2  57 

.598370 

12.83 

24 

.902504 

2.58 

.599140 

12.85 

25 

.902659 

2.58 

.599911 

12.85 

26 

.902814 

2.58 

.600682 

12.88 

27 

.902969 

2.58 

.601455 

12.88 

28 

.903124 

2.57 

.602228 

12.92 

2{) 

.903278 

2.58 

.603003 

12.92 

30 

.903433 

2.58 

.603778 

12.93 

31 

9.903588 

2.57 

10.604554 

12.95 

32 

.903742 

2.58 

.605331 

12.95 

33 

.903897 

2.57 

.606106 

12.98 

34 

.904051 

2.58 

.606887 

13.00 

35 

.904206 

2.57 

.607667 

13.00 

36 

.904360 

2.57 

.608447 

13.02 

37 

.904514 

2.57 

,609228 

IS.Wi 

38 

.904668 

2.58 

.610010 

13.07 

39 

.904828 

2.57 

.610794 

13  07 

40 

.904977 

2.57 

•  .611578 

13.08 

41 

9.905131 

2.57 

10.612363 

13.08 

42 

.905285 

2.57 

.613148 

13.12 

43 

.905439 

2.57 

.613935 

13.13 

44 

.905593 

2.57 

.614723 

13.13 

45 

.905747 

2.57 

.615511 

13.17 

46 

.905901 

2.57 

.616301 

13.17 

47 

.906055 

2..57 

.617091 

13.20 

48 

.906209 

2.57 

.617883 

13.20 

49 

.906363 

2.55 

.618675 

13.22 

50 

.906516 

2.57 

.619468 

13.23 

51 

9.906670 

2.57 

10.620262 

13.25 

52 

.906824 

2.55 

.621057 

13.2r 

53 

.906977 

2.57 

.621853 

13.28 

54 

.907131 

2.55 

.622650 

13.30 

55 

.907284 

2.57 

.623448 

13.32 

56 

.907438 

2.55 

.624247 

13.33 

57 

.907591 

2.55 

.625047 

13.  a5 

68 

.907744 

2.57 

.625848 

13.37 

69 

.907898 

2.55 

.626650 

13.37 

60 

9.908051 

2.55 

10.627452 

13.40 

79c 


0 

1 

2 

3 

4 
5 
6 
7 
8 
9 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
2ii 
24 
25 
26 
27 
28 
29 
30 

31 
32 
83 
84 

35 
8(> 
87 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 


9.908051 
.908204 
.908357 
.908511 
.908664 
.906817 
.908970 
.909123 
.909276 
.909428 
.909581 

9.909734 

.909887 
.910039 
.910192 
.910345 
.910497 
.910650 
.910802 
.910955 
.911107 

9.911259 
.911412 
.9115(54 
.911716 
.911868 
,912020 
.912172 
,912324 
.912476 
.912628 

9.912780 
.912932 
.913084 
.913235 
.913387 
.913539 
.913690 
.913842 
.913993 
.914145 

9.914296 
.914448 
.914599 
.914750 
.914902 
.915053 
.915204 
.915355 
.915506 
.915657 

9.915808 
.915959 
.916110 
.916261 
.916412 
.916562 
.916713 
.916864 
.917014 

9.9171(55 


D.  r 


2.55 
2.55 
2.. 57 
2.55 


2.55 

2.56 
2.55 
55 
53 
55 
55 


2.55 
2.53 
2.55 
2.55 
2.53 
2.55 
2.53 
2.55 
2.53 
2.53 

2.55 
2.58 
2.53 
2.53 
2.53 
2.53 
2. 


53 

53 
53 


2.53 

2.53 

2.53 

2 
o 


52 
53 
2.53 

5! 
53 
52 
53 


2.52 


2.52 

2.53 

2.52 
2.52 
2.53 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 

2.52 

2.52 
2.52 
2.. 52 
2.50 
2.52 
2.52 
2.50 
2.52 
2.52 

.|[44S] 


Ex.  sec. 


10.627462 
.628256 
.629060 
.629866 
.630673 
.681480 
.682289 
.633098 
.633909 
.634720 
.635533 

10.636346 
.637161 
.637976 
.638792 
.639610 
.640428 
.641248 
.642068 
.642890 
.643713 

10.644536 
.6451361 
.646186 
.647013 
.647841 
.648670 
.649499 
.650330 
.651162 
.651995 

10.652829 
.653664 
.654501 
.655338 
.656176 
.657016 
.657856 
.658698 
.659540 
.660384 

10.661229 
.662075 
.662922 
.663770 
.664619 
.665470 
.666^321 
.667174 
.668028 
.668883 

10.669739 
.670596 
.671454 
.672:314 
.673174 
,674036 
,674899 
.675763 
.676628 

10.677495 


D.  1'. 


3.40 
3.40 
3.43 
3.45 
3.45 
3.48 
3.48 
3.52 
3.52 
3.55 
3.55 

3.58  r 

3.58 

3.60 

3.63 

3.63 

3.67 

3.67 

3.70 

3.72 

3.72 


75 

75 
78 
3.80 
3.82 
3.82 
3.85 
3.87 
3.88 
3.90 


3.92 
3.95 
3.95 
97 
00 
00 
03 


4.03 
4.07 
4.08 


10 
12 
13 
15 
18 
18 
22 
23 


4.25 
4.27 

4.28 
4.30 


33 
33 
37 
38 
40 
42 
45 


TABLE  XXVI.  AND  EXTEBNAL  SECANTS. 


go« 


Vers. 

D.  r. 

9.917165 

2.52 

.917816 

2.50 

.917466 

2.50 

.917616 

2.52 

.917767 

2.50 

.917917 

2.52 

.918068 

2.50 

.918218 

2.50 

.918368 

2.50 

.918518 

2.50 

.9186G8 

2.50 

9.918818 

2.50 

.918968 

2.50 

.919118 

2.50 

.919268 

2.50 

.919418 

2.50 

.919568 

2.50 

.919718 

2.50 

.919868 

2. .50 

.920018 

2.48 

.920167 

2.50 

9.920817 

2.48 

.920466 

2.50 

.920616 

2.50 

.920766 

2.48 

.920915 

2.48 

.921064 

2.50 

.921214 

2.48 

.921368 

2.48 

.921512 

2.50 

.921662 

2.48 

9.921811 

2.48 

.921960 

2.48 

.922109 

2.48 

.922258 

2.48 

.922407 

2.48 

.922556 

2.48 

.922705 

2.48 

.922854 

2.48 

.923003 

2.48 

.923152 

2.48 

9.923301 

2.47 

.923449 

2.48 

.923598 

2.48 

.923747 

2.47 

.923895 

2.48 

.924044 

2.47 

.924192 

2.48 

.924341 

2.47 

.924489 

2.47 

.924637 

2.48 

9.924786 

2.47 

.924934 

2  47 

.925082 

2.48 

.925231 

2.47 

.925379 

2.47 

.925527 

2.^7 

.925675 

2.47 

.925823 

2.47 

.925971 

2.47 

9.926119 

2.47 

Ex.  sec. 

10.677495 
.678362 
.679231 
.680101 
.680972 
.681845 
.6«2718 
.683593 
.684469 
.685346 
.686224 

10.687104 
.687985 
,688867 
.689750 
.690634 
.691520 
.692407 
.693295 
.694185 
.695075 

10.695967 
.696861 
.697755 
.698651 
.699548 
.700446 
.701346 
.702247 
.703149 
,7(W05a 

10.704957 

.705863 
.706771 
.707680 
.708590 
.709501 
.710414 
.711328 
.712243 
.713160 

10.714078 
.714998 
.715919 
.716841 
.717764 
.718689 
.719616 
.720543 
.721472 
.722403 

10.723335 
.724268 
.725203 
.726139 
.727077 
.728016 
.728956 
.729898 
.730842 

10. 731^^6 


D.  1', 


4.45 
4.48 
50 
52 
55 
55 
58 
60 
62 
63 
4.67 


68 

70 
72 
73 

77 
78 
80 
83 
4.83 
4.87 

4.90 
4.90 
4.93 
4.95 
4.97 
5.00 
5.02 
5.03 
5.05 
5.08 

5.10 
5.13 
5.15 
5.17 
6.18 
5.22 
5.23 
5.25 
5.28 
5.30 

5.33 
5.35 
5.37 
5  88 
5.42 
5.45 
45 
5.48 
5.52 
5.53 

5.55 
5.58 
5.60 
5.63 
5.65 
5.67 
5.70 
5.73 
5.73 
5.78 


%v 


0 

1 

2 
3 
4 

6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

81 
82 
83 
34 
85 
86 
87 
88 
39 
40 

41 
42 

43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Vers. 

D.  r. 

9.926119 

2.47 

.926267 

2.47 

.926415 

2.45 

.926562 

2.47 

.926710 

2.47 

.926858 

2.47 

.927006 

2.45 

.927153 

2.47 

.927801 

2.45 

.927448 

2.47 

.927596 

2.45 

9.927743 

2.47 

.927891 

2.45 

.928088 

2.45 

.92S185 

2.47 

.928a33 

2.45 

.928480 

2.45 

.f>28627 

2.45 

.928774 

2.45 

.928921 

2.46 

.929068 

2.45 

0.929215 

2.45 

.929362 

2.45 

.929509 

2.45 

.929656 

2.45 

.929808 

2.45 

.929950 

2.45 

.930097 

2.43 

.930243 

2.45 

.930390 

2.45 

.930537 

2.43 

9.930688 

2.45 

.930880 

2.43 

.930976 

2.45 

.931128 

2.48 

.931269 

2.45 

.931416 

2.48 

.931562 

2.43 

.931708 

2.45 

.981855 

2.43 

.932001 

i».43 

9.932147 

2.43 

.932298 

2.43 

.932439 

2.43 

.932585 

2.48 

.932731 

2.43 

.932877 

2.43 

.933023 

2.43 

.933169 

2.43 

.9331^15 

2.42 

.983460 

2.43 

9.933606 

2.48 

.9^3752 

2.42 

.933897 

2.48 

.934043 

2.43 

.934189 

2.42 

.934334 

2  43 

.934480 

2.42 

.934625 

2.42 

.984770 

2.43 

9.984916 

2.42 

Ex.  sec. 

10.731786 
.732783 
.733680 
.734680 
.735680 
.736582 
.737486 
.738441 
.739398 
.740356 
.741816 

10.7422^7 
.743239 
.744204 

.745169 
.746137 
.747105 
.748076 
.749048 
.750021 
.750996 

10.751973 
.752951 
.758931 
.754912 
.755895 
.756880 
.757866 
.758854 
.759844 
.760835 

10.761827 
.762822 
.763818 
.764815 
.765815 
.766816 
.767819 
.768823 
.769829 
.770837 

10.771846 
.772858 
.773870 
.774885 
.775902 
.776920 
.777940 
.778961 
.779985 
.781010 

10.782037 
.783065 
.784096 
.785128 
.786162 
.787198 
.788286 
.789276 
.790317 

10.791361 


D.  r. 

15.78 
15.78 


,83 
.83 
,87 
.90 
.92 
.95 


15.97 
16.00 
L6.02 

16.03 
16.08 
16.08 
16.13 
16.13 
16.18 
L6.20 
16.22 
16.25 
L6.28 

16.30 
16.33 
16.35 
16.38 
L6.42 
16.43 
[6.47 
16.50 
16.52 
16.53 

16.58 

16.60 

16.02 

16.67 

16.68 

16. 

16. 

16.77 

16.80 

16.82 

16.87 

16.87 

[6.92 

[6.95 

[6.97 

7.00 

7.02 

7.07 

[7.08 

17.12 

17.18 
7.18 
17.20 
17.23 
[7.27 
[7.30 
7.33 
[7.35 
17.40 
L7.42 


72 
73 


[446.1 


AND  EXTERNAL  SECANTS. 


82 

e 

83» 

0 

Vers. 

D.  1". 

Ex.  sec. 

D.  r. 

0 

Vers, 

D.  1". 

Ex.  sec. 

D.r. 

9.934916 

2.42 

10.791361 

17.42 

9.943559 

2.38 

10.857665 

19.55 

1 

.935061 

2.42 

.792406 

17.45 

1 

.943702 

2.38 

.858838 

19.58 

2 

.935206 

2.43 

.793453 

17.48 

2 

.943845 

2.37 

.860013 

19.63 

3 

.935352 

2.42  J 
2.42  \ 

.794502 

17.50 

3 

.943987 

2.38 

.861191 

19.67 

4 

.935497 

.795552 

17.55 

4 

.944130 

2.38 

.862371 

19.72 

5 

.935642 

2.43 

.796605 

17.58 

5 

.944273 

2.37 

.863554 

19.75 

6 

.935787 

2.42 

.797660 

17.60 

6 

.944415 

2.38 

.864739 

19.80 

7 

.935932 

2.42 

.798716 

17.63 

7 

.9445.58 

2.37 

.865927 

19.83 

8 

.936077 

2.42 

.799774 

17.68 

8 

.944700 

2.38 

.867117 

19.88 

9 

.936222 

2.42 

.800835 

17.70 

9 

.944843 

2.37 

.868310 

19.92 

10 

.936367 

2.42 

.801897 

17.73 

10 

.944985 

2.37 

.869505 

19.97 

u 

9.936512 

2.42 

10.802961 

17.77 

11 

9.945127 

2.38 

10.870703 

20.00 

12 

.936057 

2.40 

.804027 

17.80 

12 

.945270 

2.37 

.871903 

20.05 

13 

.936801 

2.42 

.805095 

17.83 

13 

.945412 

2.37 

.873106 

20.10 

14 

.936946 

2.42 

.806165 

17.87 

14 

.945554 

2.37 

.874312 

20.13 

15 

.937091 

2.42 

.807237 

17.90 

15 

.945696 

2.37 

.876520 

20.18 

16 

.937236 

2.40 

.808311 

17.93 

16 

.945838 

2.38 

.876731 

20.23 

17 

.937380 

2.42 

.809387 

17.97 

17 

.945981 

2.37 

.877946 

20.27 

18 

.937525 

2.40 

.810465 

18.00 

18 

.946123 

2.37 

.879161 

20.30 

19 

.937669 

2.42 

.811545 

18.03 

19 

.946265 

2.37 

.880379 

20.37 

20 

.937814 

2.40 

.812627 

18.07 

20 

.946407 

2.37 

.881601 

20.40 

21 

9.937958 

2.42 

10.813711 

18.10 

21 

9.946549 

2.35 

10.882825 

20.45 

22 

.938103 

2.40 

.814797 

18.13 

22 

.946690 

2.37 

.864052 

20.48 

23 

.938247 

2.40 

.815885 

18.17 

23 

.946832 

2.37 

.885281 

20.55 

24 

.938391 

2.42 

.816975 

18.20 

24 

.946974 

2.37 

.886514 

20.58 

25 

.938536 

2.40 

.818067 

18.23 

25 

.947116 

2.37 

.887749 

20.62 

26 

.938680 

2.40 

.819161 

18.27 

26 

.947258 

2.35 

.oooyoo 

20.68 

27 

.938824 

2.40 

.820257 

18.32 

27 

.947399 

2.37 

.890227 

20.72 

28 

.938968 

2.40 

.821356 

18.33 

28 

.947541 

2.37 

.891470 

20.77 

29 

.939112 

2.38 

.822456 

18.38 

29 

.947683 

2.35 

.892716 

20.82 

30 

.939257 

2.40 

.823559 

18.42 

80 

.947824 

2.37 

.893965 

20.87 

31 

9.939401 

2.40 

10.824664 

18.43 

81 

9.947966 

2.35 

10.895217 

20.92 

32 

.939545 

2.38 

.825770 

18.48 

32 

.948107 

2.37 

.896472 

20.95 

33 

.939688 

2.40 

.826879 

18.52 

33 

.948249 

2.35 

.897729 

21.00 

34 

.939632 

2.40 

.827990 

18.57 

84 

.948390 

2.35 

.898989 

21.07 

35 

.939976 

2.40 

.829104 

18.58 

35 

.948531 

2.37 

.900253 

21.10 

36 

.940120 

2.40 

.830219 

18.63 

36 

.948673 

2.35 

.901519 

21.15 

37 

.940264 

2.40 

.831337 

18.65 

37 

.948814 

2.35 

.902788 

21.20 

38 

.940408 

2.88 

.832456 

18.70 

38 

.948955 

2.a5 

.904060 

21.25 

39 

.940551 

2.40 

.833578 

18.75 

39 

.949096 

2.35 

.905335 

21.30 

40 

.940695 

2.40 

.834703 

18.77 

40 

.949237 

2.37 

.906613 

21.33 

41 

9.940839 

2.38 

10.835829 

18.80 

41 

9.949379 

2.85 

10.907893 

21.40 

42 

.940982 

2.40 

.836957 

18.85 

42 

.949520 

2.35 

.909177 

21.45 

43 

.941126 

2.38 

.838088 

18.88 

43 

.949661 

2.35 

.910464 

21.50 

44 

.941269 

2.40 

.839221 

18.93 

44 

.949802 

2.a5 

.911754 

21.55 

45 

.941413 

2.38 

.840367 

18.95 

45 

.949943 

2.33 

.913047 

21.60 

46 

.941556 

2.38 

.841494 

19.00 

46 

.950083 

2.35 

.914343 

21.65 

47 

.941699 

2.40 

.842634 

19.03 

47 

.950224 

2.35 

.915642 

21.70 

48 

.941843 

2.38 

.843776 

19.08 

48 

.950365 

2.35 

.916944 

21.76 

49 

.941986 

2.38 

.844921 

19.12 

49 

.950506 

2.35 

.918249 

21.82 

50 

.942129 

2.38 

.846068 

19.16 

50 

.950647 

2.33 

.919668 

21.86 

51 

9.942272 

2.38 

10.847217 

19.18 

51 

9.950787 

2.35 

10.920869 

21.92 

52 

.942415 

2.40 

.848368 

19.23 

52 

.950928 

2.36 

.922184 

21.97 

58 

.942559 

2.88 

.849522 

19.27 

53 

.951069 

2.33 

.923502 

22.02 

54 

.942702 

2.88 

.850678 

19.30 

54 

.951209 

2.35 

.924828 

22.07 

55 

.942845 

2.88 

.851836 

19.35 

55 

.961S50 

2.33 

.926147 

22.13 

56 

.942968 

2.88 

.852997 

19.40 

56 

.951490 

2.35 

.927476 

22.17 

57 

.943181 

2.87 

.854161 

19.42 

67 

.951681 

2.33 

.928605 

22.23 

58 

.948273 

2.38 

.855326 

19.47 

58 

.951771 

2.83 

.930189 

22.30 

59 

.943416 

2.88 

.856494 

19.52 

59 

.951911 

2.35 

.981477  22.33 

60 

9.948559 

2.38 

10.&-.7665 

19.55 

60 

9.952052 

2.33 

10.932817  22.40 

.[447] 


TABLE  XXVI.-LOOARITHMIC  VERSED  SINES 


84 

o 

86- 

/ 

Vers. 

D.V. 

Ex.  sec. 

D.  1'. 

0 

Vers. 

D.  r. 

Ex.  sec. 

1 

D.r. 

0 

9.952052 

2.33 

10.9:32817 

22.40 

9.960397 

2.80 

11.020101 

26.40 

1 

.952192 

2.33 

.9*4161 

22.45 

1 

.96a>85 

2.28 

.021685 

20. 4S 

2 

.952;i32 

2.35 

.935506 

22.52 

2 

.960672 

2.30 

.023274 

26.57 

3 

.ajtW73 

2.33 

.936859 

22.57 

3 

.960810 

2.30 

.024868 

26  65 

4 

.952613 

2.33 

.988213 

22.62  ! 

4 

.960948 

2.30 

.026467 

26.73 

5 

.»5275;i 

2.33 

.939570 

22.68  ' 

5 

.961086 

2.28 

.028071 

26.80 

6 

.952893 

2.33 

.&40931 

22.75 

6 

.961223 

2.80 

.029679 

26.90 

7 

.953033 

2.33 

.942296 

22.78  ■ 

7 

.901361 

2.28 

.031293 

26.98 

8 

.953173 

2.33 

.943663 

22. a5  i 

8 

.961498 

2.30 

.032912 

27.07 

9 

.95*313 

2.33 

.945a34 

22.92 

9 

.961636 

2.28 

.034536 

27.18 

10 

.953453 

2.33 

.94^409 

22.97 

10 

.961773 

2.30 

.036164 

27.23 

11 

9.953593 

2.32 

10.947787 

23.08 

11 

9.961911 

2.28 

11.03rr98 

87.33 

12 

.953732 

2.33 

.949169 

28.08 

12 

.962048 

2.80 

.039438 

27.40 

13 

.953872 

2.33 

.950554 

23.15 

13 

.962186 

2.28 

.041062 

27.50 

14 

.954012 

2.33 

.951943 

23.22  ; 

14 

.962328 

2.28 

.042732 

27.58 

15 

.954152 

2.32 

.95*336 

23.27  ! 

15 

.962460 

2.28 

.044387 

27.67 

16 

.95^1291 

2.33 

.954732 

23.83 

16 

.962597 

2.30 

.046047 

27.rr 

17 

.9r>4431 

2.33 

.956132 

28.88 

17 

.962735 

2.28 

.047n3 

27.85 

18 

.954571 

2.32 

.9575*5 

23.45 

18 

.962872 

2.28 

.049384 

27.93 

19 

.954710 

2. as 

.958942 

23.52 

19 

.963009 

2.28 

.051060 

28.03 

20 

.954850 

2.32 

.960363 

23.57 

20 

.663146 

2.28 

.052742 

28.13 

21 

9.954989 

2.33 

10.961767 

23.65 

21 

9.963283 

2.28 

11.054480 

28.^ 

22 

.955129 

2.32 

.963186 

23.70 

I  22 

.96*420 

2.28 

.066123 

28.30 

23 

.a'55268 

2.32 

.9&4608 

23.77 

23 

.963557 

2.28 

.057821 

28.40 

24 

.955407 

2.33 

.966034 

23.82 

24 

.963694 

2.28 

.059625 

28.50 

25 

.955547 

2.32 

.967463 

23.90 

25 

.963831 

2.28 

.061235 

28.60 

26 

.955686 

2.32 

.968897 

23.95 

26 

.968968 

2.27 

.062951 

28.68 

27 

.955825 

2.32 

.970*34 

24.02 

27 

.964104 

2.28 

.064672 

28.7^ 

28 

.9mm 

2.32 

.971775 

24.10 

28 

.964241 

2.28 

.066399 

28.88 

29 

.950103 

2.33 

.973221 

24.15 

29 

.964378 

2.28 

.068132 

28.t>S 

30 

.956243 

2.32 

.974670 

24.22 

30 

.964515 

2.2r 

.069871 

29.08 

31 

9.956382 

2.32 

10.976123 

a4.2i« 

31 

9.964651 

2.28 

11.071616 

29.18 

32 

.95(i521 

2.32 

.977580 

^.;35  ' 

32 

.964788 

2.27 

.073367 

29.28 

;« 

.956660 

2.:i2 

.979041 

24.42 

33 

.964924 

2.28 

.076124 

29.38 

34 

.956799 

2.30 

.980506 

24.48 

34 

.965061 

2.27 

.076887 

29.48 

;i5 

.956^37 

2.32 

.981975 

24.55 

35 

.96.5197 

2.28 

.078656 

29.58 

36 

.957076 

2.32 

.983448 

24.63 

36 

.965*34 

2.27 

.060431 

29.68 

37 

.957215 

2.32 

.984926 

24.68 

37 

.965460 

2.28 

.062212 

29.80 

38 

.957:354 

2.32 

JB8&407 

24.77 

38 

.965607 

2.27 

.064000 

29.90 

39 

.957493 

2.30 

.987893 

24.83 

39 

.965743 

2.27 

.065794 

30.00 

40 

.957631 

2.82 

.969383 

24.90 

40 

.965879 

2.28 

.087694 

80.13 

41 

9.967770 

2.32 

10.990877 

24.97 

41 

9.966016 

8.27 

11.069401 

80.22 

42 

.957909 

2.30 

.992375 

25.03 

42 

.966152 

2.27 

.091214 

80.32 

43 

.958047 

2.32 

.993877 

25.12 

43 

.966288 

2.27 

.093083 

30.43 

44 

.958186 

2.30 

.995384 

25.18 

44 

.966424 

2.27 

.094859 

30.55 

45 

.9583^ 

2.32 

.996895 

25.27 

45 

.996560 

2.27 

.096692 

80.67 

46 

.958463 

2.30 

.998411 

25.  *3 

46 

.966696 

2.27 

.096532 

ao.TT 

47 

.958601 

2.30 

.999931 

25.40 

47 

.966832 

2.27 

.100378 

80.87 

48 

.958739 

2.82 

11.001455 

25.48 

48 

.966968 

2.27 

.102230 

81.00 

49 

.958878 

2.80 

.002984 

25.52 

49 

.967104 

2.27 

.104090 

81.12 

50 

.959016 

2.80 

.004617 

25.63 

60 

.967240 

2.27 

.105957 

81.22 

51 

9.959154 

2.30 

11.006055 

25.70 

61 

9.967376 

2.27 

11.107830 

81.35 

52 

.959292 

2.82 

.007597 

25.78 

62 

.967512 

2.25 

.109711 

81.45 

53 

.959431 

2.80 

.009144 

25.85 

53 

.967647 

2.27 

.111698 

81.58 

54 

.959569 

2.30 

.010695 

25.93 

54 

.967783 

2.27 

.113493 

81.68 

55 

.959707 

2.30 

.012251 

20.00 

.55 

.967919 

2.25 

.116394 

81.82 

56 

.959^45 

2.30 

.013811 

26.10 

56 

.968054 

2.27 

.117308 

81.98 

57 

.959983 

2.30 

.015377 

20.17 

67 

.968190 

2.27 

.119219 

82.07 

58 

.960121 

2.30 

.010947 

20.23  ; 

68 

.968326 

2.25 

.121143 

32.18 

59 

.960259 

2.30 

.018521 

20. *3  , 

69 

.968461 

2.27 

.123074 

82.30 

60 

9.900397 

2.30 

11.020101 

20.40  1 

1  60 

9.968597 

2.25 

11.125012 

82.43 

1448] 


AND  EXTERNAL  SECANTS. 


86' 


Vers. 

9.968697 
.968732 
.968868 
.969003 
.969138 
.969274 
.969409 
.969544 
.969679 
.969814 
.969949 

9.970084 
.970220 
.970354 
.970489 
.9706»1 
.970759 
.970894 
.971029 
.971164 
.971298 

9.971433 
.971568 
.971702 
.971837 
.9719n 
.972106. 
.972240 
.972374 
.972509 
.972643 

9.972777 
.9^2912 
.973046 
.973180 
.973314 
.97"3448 
.973582 
.973716 
.973850 
.978984 

9.974118 
.974252 
.974386 
.974519 
.974653 
.974787 
.974920 
.975054 
.975188 
.975821 

9.975455 
.975588 
.976722 
.975855 
.975988 
.976122 
.976255 
.976388 
.976521 

9.976654 


D.  r. 

2.25 
2.27 
2.25 
2.25 
2.27 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 

2.27 
2.23 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.23 
2.25 


Ex.  sec. 


2. 
2. 
2. 
2. 
2. 


.25 
.23 
.25 
.23 
.25 
2.23 
2.23 
2.25 
2.23 
2.23 

2.25 
2.23 
2.23 
2.23 
2.23 
2.23 
2.23 
2.23 
2.23 
2.23 

2.23 
2.23 
2.22 
2.23 
2.23 
2.22 
2.23 
2.23 
2.22 
2.23 

2.22 
2.23 
2.22 
2.22 
2.23 
2.22 
2.22 

2^22 
2.23 


11.125012 
.126958 
.128911 
.130873 
.132841 
.134818 
.130802 
.138795 
.140795 
.142803 
.144820 

11.146844 
.148877 
.150918 
.152968 
.155026 
.157092 
.159168 
.161252 
.16a^4 
.165446 

11.167556 
.169676 
.171805 
.173943 
.176090 
.178246 
.180412 
.182588 
.184773 
.186968 

11.189178 
.191387 
.193613 
.195847 
.198092 
.200347 
.202613 
.204889 
.207176 
.209473 

11.211781 
.214101 
.2164^^1 
.218773 
.221125 
.223490 
.225865 
.228253 
.230652 
.283063 

11.235486 
.237921 
.240368 
.242828 
.245300 
.247785 
.250283 
.252793 
.255317 

11.257854 


D  1* 


32.43 
32.55 
32.70 
32.80 
32.95 
33.07 
33.22 
33.:i3 
33.47 
33.62 
33.73 

as. 88 

34.02 

34.17 

34.30 

34.48- 

34.60 

34.73 

34.87 

35.03 

35.17 

85.33 
35.48 
35.63 
a5.78 
35.93 
86.10 
86.27 
86.42 
86.58 
86.75 

36.90 
37.08 
37.25 
37.42 
87.58 
37.77 
87.93 
38.12 
38.28 
38.47 

38.67 
38.83 
39.08 
39.20 
39.42 
39.58 
39.80 
39.98 
40.18 
40.38 

40.58 
40.78 
41.00 
41.20 
41.42 


87' 


41 
41 


63 


42.07 
42.28 
42.52 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
82 
33 
34 
85 
36 
37 
88 
39 
40 

41 
42 
43 

44 
45 
46 

47 
48 
49 
50 

51 
52 
53 

54 
55 
56 
57 
58 
59 
60 


Vers. 

D.  r. 

9.976654 

2.23 

.976788 

2.22 

.976921 

2.22 

.97/054 

2.22 

.977187 

2.22 

.977320 

2.20 

.977462 

2.22 

.977585 

2.22 

.977718 

2.22 

.977851 

2.22 

.977984 

2.20 

9.978116 

2.22 

.978249 

2.22 

.978382 

2.20 

.978514 

2.22 

.978617 

2.20 

.978779 

2.22 

.978912 

2.20 

.979044 

2.22 

.979177 

2.20 

.979309 

2.22 

9.979442 

2.20 

.979574 

2.20 

.979706 

2.20 

.979838 

2.20 

.979970 

2.22 

.980103 

2.20 

.980235 

2.20 

.980367 

2.20 

.980499 

2.20 

.980631 

2.20 

9.980768 

2.20 

.980895 

2.18 

.881026 

2.20 

.981158 

2.20 

.981290 

2.20 

.981422 

2.20 

.981554 

2.18 

.981685 

2.20 

.981817 

2.20 

.981949 

2.18 

9.982080 

2.20 

.982212 

2.18 

.982343 

2.20 

.98^75 

2.18 

.982606 

2.18 

.982737 

2.20 

.982869 

2.18 

.983000 

2.18 

.983131 

2.18 

.988262 

2.20 

9.983894 

2.18 

.983525 

2.18 

.983656 

2.18 

.983787 

2.18 

.983918 

2.18 

.984049 

2.18 

.984180 

2.18 

.984311 

2.18 

.984442 

2.18 

9.9^4573 

2.17 

Ex.  sec. 

11.257854 
.260405 
.262969 
.265546 
.268138 
.270743 
.273363 
.275996 
.278645 
.281308 
.283986 

11.286679 
.289387 
.292110 
.294849 
.297604 
.300374 
.308161 
.305964 
.308784 
.311620 

11.314473 
.317343 
.320231 
.323137 
.326060 
.329001 
.331961 
.334939 
.337935 
.340951 

11.843986 
.347041 
.350115 
.358210 
.356325 
.359460 
.362617 
.365794 
.368993 
.372214 


11 


.375458 
.378723 
.382011 
.385323 
.388658 
.392016 
.395399 
.398807 
.402239 
.405696 


11 


409180 
.412689 
.416225 
.419788 
.423378 
.426995 
.480641 
.434316 
.438020 
11.441753 


D.  r. 

42. 5i? 
42. T:^ 
i2.% 
43.20 
43.42 
4:^.67 
43.88 
44.15 
44.38 
44.63 
44.88 

45.13 
45.38 
45.65 
45.92 
46.17 
46  45 
46  72 
47.00 
47.27 
47.55 

47.83 
48.13 
48.43 
48.72 
49.02 

49.  as 

i9.C3 
49.93 
50.27 
50.58 

50.92 
51.23 
51.58 
51.92 
52.25 
52.62 
52.95 
53.32 
53.68 
54.07 

54.42 

54.80 
55.20 
55.58 
55.97 
56.38 
56.80 
57.20 
57.62 
58.07 

58.48 
58.93 
59.38 
59.83 
60.28 
60.77 
61.25 
61.73 
62.2? 
62 
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TABLE  XXVL— LOGARITHMIC  VERSBD  SIGNS  AND  EXTERNAL 

SECANTS. 


88 

o 

890 

; 

Vera. 

D.  r. 

Ex.  see. 

«+J 

0 

Vera. 

D.r. 

Ex.  sec. 

«+. 

0 

9.964573 

2.17 

11.441753 

^8b^ 

9.992854 

2.13 

11.750496 

15.80* 
6601 

1 

.984703 

2.18 

.445517 

9215 

1 

.992482 

2.15 

.757925 

6929 

2 

.964834 

2.18 

.449311 

9345 

2 

.992611 

2.13 

.765477 

7056 

3 

.964965 

2.18 

.453137 

9474 

8 

.992739 

2.15 

.778158 

71&4 

4 

.965096 

2.17 

.456994 

9003 

4 

.992868 

2.13 

.780973 

7312 

5 

.985226 

2.18 

.460683 

9732 

6 

.992996 

2.18 

.788926 

7440 

6 

.985357 

2.17 

.464805 

9862 

6 

.993124 

2.15 

.797022 

7567  . 

7 

.965487 

2.18 

468761 

9991 

7 

.993253 

2.13 

.805268 

7695 

8 

.965618 

2.17 

.4'ftr;51 

<fl20 

8 

.99a381 

2.13 

.813668 

7823 

9 

.965748 

S.18 

.476'475 

0249 

9 

.993509 

2.13 

.»ii2229 

7950 

10 

.965879 

2.17 

.480634 

0378 

10 

.993687 

2.13 

.830956 

8078 

1 

11 

9.986009 

2.18 

11.484929 

0507 

n 

9.993766 

2.15 

11.839658 

8205 

12 

.966140 

2.17 

.489061 

0636 

12 

.993894 

2.13 

.848940 

8383 

13 

.986270 

2.17 

.493230 

0765 

13 

.994022 

2.13 

.858211 

ft460 

14 

.966400 

2.18 

.497437 

0694 

14 

.994150 

2.13 

.867679 

8588 

15 

.986531 

2.17 

.601683 

1028 

15 

.994278 

2.13 

.8?7351 

8715 

16 

.986661 

2.17 

.605968 

1152 

16 

.994406 

2.13 

.887289 

8843 

17 

.986791 

2.17 

.510293 

1281 

17 

.994584 

2.18 

.897850 

89ro< 

18 

.986921 

2.17 

.514659 

1410 

18 

.994662 

2.12 

.907697 

9097 

19 

.987051 

2.17 

.519066 

1589 

19 

.994789 

2.13 

.918290 

9225 

20 

.987181 

2.17 

.528616 

1668 

20 

.994917 

2.18 

.929141 

9352 

21 

9.987311 

2.17 

11.528010 

1797 

SI 

9.995045 

2.13 

11.940264 

&479 

22 

.987441 

2.17 

.582548 

1925 

22 

.995173 

2.13 

.961672 

9607 

23 

.967571 

2.17 

.537181 

2054 

28 

.995801 

2.12 

.968381 

97S4 

24 

.967701 

2.17 

.541760 

2183 

24 

.996428 

2.13 

.975406 

9662 

25 

.987831 

2.17 

.546437 

2312 

25 

.996556 

2.12 

11.967769 

QQAfl 

26 

.987961 

2.17 

.551161 

2440 

26 

.995683 

2.13 

12.000485 

4-116 

27 

.988091 

2.17 

.555935 

2569 

27 

.995811 

2.13 

.018578 

0243 

28 

.988221 

2.15 

.560759 

2696 

28 

.995989 

2.12 

.027069 

0370 

29 

.98a^'i0 

2.17 

.565684 

2826 

29 

.996066 

2.12 

.0409&4 

0497 

30 

.966480 

2.17 

.570561 

2955 

30 

.996193 

2.13 

.065852 

0624 

31 

9.968610 

2.15 

11.575542 

3083 

31 

9.996821 

2.12 

12.070202 

0751 

32 

.968739 

2.17 

.580578 

3212 

82 

.996448 

2.13 

.085669 

0678 

33 

.988869 

2.15 

.585670 

8340 

38 

.996576 

2.12 

.101490 

1006 

34 

.968996 

2.17 

.590819  i  3469 

84 

.996703 

2.12 

.118006 

1132 

35 

.989128 

2.15 

.596027 

3597 

85 

.996830 

2.12 

.135168 

1259 

36 

.989257 

2.17 

.601295 

8726 

36 

.996957 

2.13 

.153024 

1386 

37 

.989387 

2.15 

.606625 

8854 

»? 

.997085 

2.12 

.171634 

1513 

38 

.969516 

2.17 

.612018 

8963 

38 

.997212 

2.12 

.191066 

1640 

39 

.989646 

2.15 

.617475 

4111 

89 

.997839 

2.12 

.211396 

1767 

40 

.989775 

2.15 

.622998 

4289 

40 

.997466 

2.12 

.282712 

1894 

41 

9.969904 

2.17 

11.628589 

4868 

41 

9.997S98 

2.12 

12.265116 

2020 

42 

.990034 

2.15 

.634250 

4496 

42 

.997720 

2.12 

.2'/8'fti3 

2147 

43 

.990168 

2.15 

.639982 

4624 

48 

.997847 

2.12 

.808674 

2274 

44 

.990292 

2.15 

.645788 

4752 

44 

.997974 

2.12 

.880129 

2461 

45 

.990421 

2.15 

.651668 

4881 

45 

.998101 

2.12 

.858285 

2527 

46 

.990550 

2.15 

.657626 

5009 

46 

.998228 

2.12 

.888375 

2654 

47 

.990679 

2.15 

.663668 

5137 

47 

.998855 

2.10 

.420686 

2781 

48 

.990806 

2.15 

.669781 

5265 

48 

.998481 

2.12 

.455675 

290? 

49 

.990937 

2.15 

.675984 

5393 

49 

.996606 

2.12 

.498490 

dO» 

50 

.991066 

2.15 

.682272 

5521 

60 

.998735 

2.12 

.685009 

3161 

61 

9.991195 

2.15 

11.688649 

5649 

51 

9.998862 

2.10 

12.580693 

3287 

52 

.991324 

2.15 

.695117 

1777 

62 

.998968 

2.12 

.032172 

8414 

53 

.991453 

2.15 

.701679 

5905 

58 

.999115 

2.10 

.690291 

3540 

54 

.991582 

2.13 

.708338 

6a38 

54 

.999241 

2.12 

.757864 

3667 

55 

.991710 

2.15 

.715097 

6161 

55 

.999368 

2.10 

.836672 

8733 

56 

.991839 

2.15 

.721958 

6289 

66 

.999494 

2.12 

12.983706 

8920 

57 

.991968 

2.13 

.728925 

6417 

67 

.999621 

2.10 

18.068774 

4016 

58 

.992096 

2.15 

.736002 

6545 

58 

.999747 

2.12 

.234991 

41?2 

59 

.992225 

2.15 

.743192 

6673 

59 

.999874 

2.10 

.636148 

4299 

60 

9.992354 

2.18 

11.750498 

6801 

60 

10.000000 

2.10 

Inf.  pos. 

4426 

15.30*1 

1 

15.S1* 

[45 

oj 

- 

TABLE  XXVIi:— NATURAL  SINES  AND  COSINES. 


0° 

V 

2'    I 

3" 

40    1 

60 

/ 

Sine 
.00000 

Cosin 
One. 

Sine 
.01745 

Cosin 
.99985 

Sine 
703490 

Cosin 

Sine 

Cosin 
.99863' 

Sine 
.06976 

Cosin 

"^ 

.99939 

.05234 

.99756 

1 

.00029 

One. 

.01774 

.99984 

.03519 

.99938 

.05263 

.998611 

.07005 

.99764 

59 

2 

.00058  One. 

.01803 

.99984 

.03548 

.99937 

.05292 

.998601 

.070a4 

.99752  58 

3 

.00087  One. 

.01832 

.99983 

.03577 

.99936 

.05321 

.99858; 

.07063 

.99750'  67 

4 

.00116  One. 

.01862 

.99983 

.03606 

.(K)935 

.05350 

.99857 

.07092 

.99748  66 

5 

.00145  One. 

.01891 

.99982 

.036:i5 

.99934 

.05379 

.99855 

.07121 

.99746  55 

6 

.00175 

One. 

.01Q20 

.99982 

.03664 

.99933 

.05408 

.99854'! 

.07150 

.99744  54 

1 

.00204 

One. 

.01949 

.99981 

.03093 

.99932 

.05437 

.99852' 

.07179 

.99742  53 

8 

.00233;  One. 

.01978 

.99980 

.03723 

.99931 

.05466 

.99861' 

.07208 

.99740  52 

9 

.00262  One. 

.02007 

.99980 

.03752 

.99930 

.05495 

.99849, 

.07237 

.99738  5i 

XO 

.00291 

One. 

.02036 

.99979 

.03781 

.99929 

.05524 

.998471 

.07266 

.99736  60 

11 

.00320 

.99999 

.02065 

.99979 

.03810 

.99927 

.05553 

.99846' 

.07295 

.99734  49 

12 

.00349  .99999! 

.02094 

.99978 

.03839 

.99926 

.05582 

.99&44 

.07324 

.997311  48 

13 

.00378  .99999] 

.02123 

.99977 

.03868 

.99925 

.05611 

.99842 

.07853 

.99729;  47 

14 

.004071.99999 

.02152 

.99977 

.03897- 

.99924 

.05^ 

.99641 

.07382 

.99727  46 

15 

.00436  .99999: 

.02181 

.99976 

.03926 

.99923 

.05669 

.99839 

.07411 

.99725  46 

16 

.00465  .99999' 

.02211 

.99976 

.03955 

.99922 

.05698 

.99688 

.07440 

.99723  44 

17 

.00495  .99999' 

.02240 

.99975 

.03984 

.99921 

.05727 

.99836 

.07469 

.99721 

43 

18 

.005^!. 99999 

.02209 

.99974  i. 0401 3 

.99919 

.057564.99634 

.07498 

.99719 

42 

19. 

.005581.99998; 

.02298 

.99974  1.04042 

.99918 

.05785 

.99833 

.07527 

.99716  41 

30 

.00582 

.99998 

.02327 

.99973] 

(.04071 

.99917 

.05814 

.99831 

.07556 

.99714  40 

21 

.00611 

.99998 

.02356 

.99972 

.04100 

.99910 

.05«W4 

.99829 

.07585 

.99712 

39 

22 

.00640  .99996; 

.02385 

.9997211.04129 

.99915  i  .05873 

.99827 

.07614 

.99710 

38 

23 

.00669  .99998; 

.0241 4!.  999711,.  04159 

.99913;  .05902 

.99826 

.(7643 

.99706 

37 

24 

.00698:.  999961 

.02443 

.99970:  .04188 

.99912; '.05931 

.99824 

.07672 

.99705 

86 

25 

.00727 

.99997 

.02472 

.99969 

'.04217 

.99911'!. 05960 

.99822 

.07701 

.99703 

35 

26 

.00756 

.99997 

.02501 

.99969 

1.04^46 

.99910  1.05969 

.99821 

.07780 

.99701 

84 

27 

.00785 

.99997 

.02530 

.99968 

1.04275 

.9990911.06018 

.99819 

.07759 

.99699 

38 

28 

.00814 

.99997 

.02560 

.99967 

.04304 

.99907 

.06047 

.99817 

.07788 

.99696 

32 

29 

.00844 

.99996 

.02589 

.99966 

.04333 

.99906 

.06076 

.99815 

.07817 

.99694 

31 

30 

.00873 

.99996 

.02618 

.99966 

.04362 

.99905 

.06105 

.99813, 

.07846 

.99692 

80 

31 

.00902 

.99996 

.02647 

.99965 

.04391 

.99904 

.06134 

.99812' 

.07875 

.99689 

29 

32 

.00931  .99996 

.02676 

.99964 

.04420 

.99902 

.06163 

.99810 

.07904 

.99687 

28 

m 

.00960  .99995 

.02705 

.999Go 

.04449 

.99901 

.06192 

.99808 

.07933 

.99685 

27 

34 

.009891.99995 

.02734 

.99903 

.04478 

.99900;  .06221 

.99806 

.07962 

.99683 

26 

35 

.010181.99995 

.02763 

.99962 

.04507 

.99898  .06250 

.99804 

.07991 

.99680125 

36 

.010471.99995 

.02792 

.99961 

.04536 

.998971,.  06279 

.99803 

.08020 

.99678124 

37 

.01076  .999041 

.02821 

.99960 

.04565 

.99896. 1.06308 

.99801 

.08049 

.99676  23 

38 

.01105  .99994; 

.02850 

.99959 

.04694 

.99894  I .06337 

.99799 

.08078 

.99673'  22 

39 

.01134  .99994, 

.02879 

.99959 

.04623 

.99893  , .06366 

.99797 

.08107 

.996711  21 

40 

.01164  999931 

.02908 

.99958 

.04653 

.99892,  .06395 

.99795 

1 

.06136 

.99668  20 

41 

.01193  .99993 

.02938 

.99957 

.04682 

.99890!  .06424 

.99793 

.06165 

.99666  19 

42 

.01222  .99993 

.02967 

.99956 

.04711 

.99889  1 .06453 

.99792 

.08194 

.996641  18 

43 

.01251  .99992 

.02996 

.99955 

.04740 

.99888;  1.06482 

.99790 

.08223 

.99661  17 

44 

.01280  .99992 

.03025 

.99954 

.04769 

.99686 

.06511 

.99788 

.08252 

.99659  16 

45 

.01309  .99991 

.03054 

.99953 

.04798 

.99885 

.06540 

.9978(} 

.08281 

.99657 

15 

46 

.01 338 1.99991 

.a3083 

.99952 

.04827 

.99883 

.06569 

.99784 

.08310 

.99654 

14 

47 

.01367;. 99991 

.ft3112 

.99952 

.04856 

.99882 

.06598 

.99782 

.08339 

.99652'  13 

48 

.01396 '.99990' 

.03141 

.99951 

.04885 

.99881 

.06627 

.99780 

.08368 

.99649,  12 

49 

.014251.999901 

.03170> 

.99950,  .04914 

.99879! 

.06656 

.99778 

.08397 

.996471  11 

50 

.01454  .99989 

1     1 

.03199 

.99949  .04943 

.99878 

.00685 

.99776 

.06426 

.99644 

10 

51 

.01483 '.99989 

.03228 

.99948'  .04972 

.99876 

.06714 

.99774' 

.08455 

.99642 

9 

52 

.01513  .99989, 

.032.-37 

.99947  .05001 

.99875  '  .06743  .997r2 

.06484 

.99639 

8 

53 

■01542  .99988 

.032^ 

.99946  .05030 

.99873 '.06773 

.99770 

.08513 

.99637 

7 

54 

.01571  .99988' 

.03316 

.99945:  .05059 

.99872 

1.06802 

.99768 

.08542 

.99635 

6 

55 

.01600  .99987 

.03346- 

.99944^  .05088 

.99870 

.06831 

.99766 

.08571 

.99632 

5 

56 

.01629  .99987, 

.03374 

.99943  .05117 

.99869 

.06860 

.99764 

.08600 

.99630 

4 

57 

. 01^58  .99986 

.03403 

.99942  .05146 

.99867 

.06889 

.99762, 

.08629 

.99627 

3 

58 

.01687  .99986 

.03432 

.99941 '.05175 

.998661 

.06918 

.99760, 

.08658 

.99625 

2 

59 

.01716  .99985 

.03461 

.99940  .05205 

.99864,  .069471.997581 

.08687 

.99622 

1 

60  .01746  .999a5 

.08490 

.mm9    .05234 

.998(33;  .06976  .99756 

.08716  .99619 

0 

/ 

Cosin  Sine 

Cosin 

Sine 

Cosin 

Sine 

1  Cosin  Sine 

Cosin 

Sine 

/ 

^90 

88» 

%'i 

f° 

86* 

85» 

Usi] 


TABLE  XXVIL-NATURAL  SINES  AND  COSIITES. 


Sine  iCosin 


0 
1 
2 
3 
4 
5 
6 

r» 
I 

8 

9 

10 

H 
1-2 
Vi 
U 
15 
1(5 
IT 
18 
1« 

au 

21 

*Z2 

24 

25 
20 
27 

28 
29 
30 

31 
32 
33 

34 
35 
36 
37 

38 
39 
40 

41 
42 
43 
41 
45 
4C 
47 
48 
/  49 
50 

51 
52 

63 
54 
55 
56 
57 
58 
59 
60 


.08716 
.08745 
.08774 
.088(W 
.08831 
.088(k) 
.08889 
.08918 
.08947 
.08976 
.09005 

.09034! 
.OJKXW' 

.o;kK)2, 

.09121' 

.09150 

.09179' 

.092081 

.092:^71 

.OihJfM) 

.0ti295 

.09324 

.(Ki:i")3l 

.iY.m2 

.09411 

.09440 

.09469 

.09498 

.0'.)527 

.0^556 

.09585 

.09614 
.09642 
.09(571 
.09700 
.09729 
.09758 
.09787 
.09816 
.m>845 
.09874 

.09903 
.099:32 
.09961 
.09990 
.10019 
.10048 
.10077 
.10106 
.10ia5 
.10164 

.10192 
.10221 
.10250 
.10279 
.10308 
.10*37 
10366 
.ia395 
.10424 
.10453 

Cosin 


!nK>19 
99617 
99614 
99612 
99609 
99607 
9iNi04 
99602 
9ft")99 

9i)594 

99591 
99588 
9{)586 
99583 
99580 
<«r)78 
95)575 
99572 
{H)570 
99567 

995M 
99562 
99559 
9{r)56 
91155:3 
99551 
95)548 
9a545 
99542 
99M0 

99587 
99534 
99531 
99528 
99526 
9952:3 
99520 


99514 
99511 

99508 
99506 
99503 
9{)500 
5)9497 
99494 
99491 
994«8 
99485 
99482 

99479 
99476 
99473 
99470 
99467 
99464 
99461 
99458 
994.55 
5)9452 

Sine 


84" 


Sine 

045:3 
(M82 
0511 
a>40 
a)69 

a>97 


I 


Cosin 

.95)452 
.99449 
.99446 
.5)9443 
.99440 
.95)437 


062t)i.994^ 
0(J55l.95)43r 
()(J84  .5K)428 
071 3  .5)5)  424 
0742  .99421 


0771 

0800 

0825) 

0858 

0887 

0916 

0945 

097:* 

1002 

1031 

1060 

1089 

11181 

1147, 

1176 

12r)5 

12134 

12(^:3 

125)1 

1320 

1349 
1378 
1407 
1436 
1465 
145M 
1523 
1552 
1580 
1609 

1638 
1667 
1696 
1725 
1754 
1783 
1812 
1840 
1869 
189S 

1927 
1956 
1985 
2014 
2043 
2071 
2100 
2129 
2158 
2187 

Cosin 


.99418 

.5KM15 

.99412 

.a9405)> 

.5)940<i 

.5)5M02, 

.95):35)9 

.9935X> 

AMim , 

.99390 

.99386' 

.99:380 
.99:^77 
.99:374 
.99:370 

)3(}1 
.95)3<50 
.99a57 

.99354 

.99.3.51 

.99347 

.99344, 

.99341 

.99:337 

.99:334. 

.99:3:31 

.95)3271 

.99324. 

.993201 

.99317; 

.99314 

.99310: 

•99307 

.99303, 

.99300: 

.992971 

.992931 

.99290 

.99286 
.99283 
.99279 
.99276 
.99272 
.99269 
.99265 
.99262 
.99258 
.99255 

Sine 


8S< 


8< 


Sine  ! 

21 87' 

2216' 

2245 

2274' 

2:302; 

2331! 

2360 

2:385) 

2418 

2447, 

2476 

2504' 

25:3:3 ' 

2562 

2591 

2620 

2(>49 

2()78 

2706 

27.35 

2764 

2793 
2822 
2a51 

2880 
2908 
29:37 
2966 
295)5 
:3024 
:3053 

3081 
3110 
31:39 
3168 
3197 
:3326 
3254 
3283 
:3:312 
3.341 

a370 
3:399 
3427 
:3456 
3485 
3514 
3543 
:i572 
3600 
3629 

36.58 
3687 
3716 
3744 
3773 
3802 
3831 
3860 
3889 
39J7 

Cosin 


Cosin 

"515)255 
.99251  I 
.95)248. 
.99244 

.miM 

.992:37 

.992:33 

.5)9230; 

.95)226 

.5)9222' 

.99219 

.99215' 
.99211! 
.992081 
.992041 
.99200, 
.99197] 
.991931 
.95)1891 
.991861 
.99182 

.99f^ 

.99175' 

.991711 

.99167 

.99163 

.99160 

.99156 

.99152 

.99148 

.99144 

.99141 
.99137 
.9913:3 
.99129 


Sine  Cosin 


.9912:2 
.99118 
.99114 
.99110 
.99106 

.99102 
.9909^ 
.99094 
.99091 
.99087 
.99083 
.99079 
.99075 
.99071 
.99067 

.99063 
.99059 
.5)9055 
.99051 
.99047 
.99043 
.99039 
.99a35 
.99031 
.99027 

Sine 


82« 


3917 
:3946 
3975 
4004 
403:3 
40(51 
4090 
4119 
4148 
4177 
4205 

4234, 

420^ 
4292 
4320 
4349 
4378 
4407 
4436 
4464 
4493 

4522 

4551 

4580 

4608 

4637 

4666 

4695 

4723; 

4752 

4781 

4810 

4838! 

4867 

4896' 

49251 

4954  i 

4982 

5011 

5040 

5069 

5097 
5126 
5155 
5184 
5212 
5241 
5270 
5299 
5327 
5356 

5385 

5414 

5442 

5471 

5500 

5529  i 

55571 

5586 ' 

5615 

.5643 

Cosin  I 


.99027 
.99023 
.99019 
.99015 
.99011 
.99006 
.99002 
.98998 
.98994 
.98990 
.98986 

.98982 
.98978 
.98973 
.98969 
.98965 
.98961 
.98957 
.98953 
.98948 
.98944 

.98940 
.98936 
.98931 
.98927 
.98923 
.96919 
.98914 
.98910 
.98906 
.98902 

.98897 
.98893 
.98889 
.98884 
.98880 
.98876 
.98871 
.98867 
.98868 

.98854 
.98849 
.98845 
.98841 
.98836 
.98832 
.98827 
.98823 
.98818 
.98814 

.98809 
.98805 
.98800 
.98796 
.98791 
.98787 
.98782 
.98778 
.98773 
.98769 

Sine 


9' 


Sine  I  Cosin 


.15643 

.15672' 

.15701! 

.15730! 

.15758' 

.15787! 

.15816 

.15845, 

.15873 

.159021 

.15931 

.15959 
.15988 
.16017 
.16046 
.16074 
.16103 
.16132 
.16160 
.16189 
.16218 

.16346 
.1627© 
.16304 
.16333 


.98769 

.98764  g 

.9876(1  a 

.98755 

.98751  a 

.98r4«} 

.98741 

.987:^: 

.987:32 

.987:^ 

.98?2:J  :\ 

.98718 

.98714 

.987ti5> 

.98704 

.987(H'  i 

.98695  4 

.98690 

.98686 

.986S1  -11 

.98670 

.98671 
.98(567 
.  98(562 
.98657 


.16361  .98652 
.16390. 98648  3 
.164191.98643  3 
.16447  .986:^ 
.16476 1. 986:3:3  i 
.16505  .98629 

.16533 '.98624  2 

.165621.98619  i 
.16591  .98614  2 
.166201.98609  'i 
.166481.98604 
.166771.9861X1 
.167061.98595 
.16734  .9a55K) 
.16763  .98585 
.16792 1.98580 

.  16820 !.9a57o  l\ 
.168491.98570  1 
.16878;. 98565  1 
.16906  .98561  I'l 
.16935  .98556  M 
.16964  .9a551  U 
.169921.98546  V\ 
.17021  !.9a>41  1- 
.17050!.  985:36  1 


.17078 


.98531  11 


17107  .98526 

.17136  .9K521 

.17164  .98516 

.17193  .9R511 


8r 


.17222 
.17250 
.17279 
.17308 
.17336 
.17365 

Cosin 


.9Kt06 
.9K501 
.98496 
.9M91 
.98486 
.98481 

Sine 


80' 


[452]., 


TABLE  Xren.-NATURAL  SINES  AND  COSINES. 


1 

11 

Sine 

DO 

(    IV        \ 

12*    1 

IS''   1 

140 

/ 

Cosin 

Sine 
.19081 

Cosin 
.98163 

Sine 

Cosin 

Sine 
.22495 

Cosin 
.97437 

Sine 

7Mm 

Cosin 

r 
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.93869 

.36108 

.93253 

.37730 

.92609 

.39341 

.91936 

.40939  .91286  50 

11 

.34503 

.98859 

.36135 

.98243 

.37757 

.92598 

.39367 

.91925 

.40966 

.91224'  49 

12  '.34530 

.98849 

.36162 

.93232 

.37784. 92587 

.39894 

.91914 

.40992 

.912121  48 

13 

.34557 

.98839 

.36190 

.98222 

.37811 

.92576 

.39421 

.91902 

.41019 

.91200  47 

14 

.34584 

.93829 

.36217 

.98211 

.37838 

.92565 

.39448 

.91891 

.41045 

.911881  46 

15  :  .34612 

.98819 

.36244 

.98201 

.87865 

.92554 

.39474 

.91879 

.41072 

.91176  45 

16  1.34639 

.98809 

.36271 

.93190 

.378921.92543 

.39501 

.91868 

.41098 

.91164  44 

17  '  .34666 

.98799 

.36298 

.93180 

.37919!. 92582 

.39528 

.91856 

.41125 

.91152  48 

18  1.34694 

.98789 

.36325 

.93169 

.379461.92521 

.39555 

.91845 

.41151 

.91140,  42 

19 

.34721 

.93779 

.86352 

.93159 

.37973  .92510 

.39581 

.91833 

.41178 

.91128  41 

20 

.34748 

.93769 

.86879 

.98148 

.87999 

.92499 

.39608 

.91822 

.41204 

.91116  40 

21 

.34775 

.98759 

.36406 

.93137 

.38026 

.92488 

.39635 

.91810 

.41281 

.91104  89 

22  .34803 

.93748 

.86434 

.93127 

.38058 

.92477 

.89661 

.91799 

.41257 

.91092  38 

23 

.34830 

.93788 

.36461 

.93110 

.38060 

.92466 

.39688 

.91787 

.41284 

.91080  87 

24 

.34857 

.93728 

.36488 

.93106 

.88107 

.92455 

.39715 

.91775 

.41810 

.91068  86 

25 

.34884 

.93718 

.36515 

.930951 

.38134 

.92444 

.39741 

.91764 

.41337 

.91056;  85 

26 

.34912 

.93708 

.86542 

.93084 

.88161 

.92432 

.39768 

.91752 

.41363 

.91044'  34 

27 

.34939 

.93698 

.36569 

.93074 

.88188 

.92421 

.89795 

.91741 

.41390 

.910321  83 

28 

.34966 

.93688 

.36596 

.93063 

.88215 

.92410 

.39822 

.91729 

.41416 

.91020  32 

29 

.34993 

.93677 

.86623 

.93052 

1 .88241 

.92399 

.39848 

.91718 

.41448 

.91008  31 

30 

.35021 

.93667 

.36650 

.93042 

.88268 

.92388 

.39875 

.91706 

.41469 

.90996  30 

31 

..S5048 

.93657 

.3667r 

.98031 

.88295 

.92377 

.39902 

.91694 

1 .41496 

.90984 

29 

82 

.35075 

.98847 

.36704 

.93020 

.88322 

.92366 

.39928 

.91688 

.41522 

.90972 

28 

83 

.35102 

.93637 

.36731 

.93010 

.38349 

.92355 

.39955 

.91671 

.41549 

.90960 

27 

34 

.35130 

.93626 

.36758 

.92999 

.88376 

.92343 

.39982 

.91660 

.41575 

.90948 

26 

35 

.85157 

.98616 

.36785 

.92988 

.38403 

.92332 

.40008 

.91648 

.41602 

.90936  25 

86 

.35184 

.93606 

.36812 

.92978 

.38430 

.92321 

.40035 

.91636 

.41628 

.90924124 

87 

.35211 

98596 

.36839 

.92967 

.38456 

.92310 

.40062 

.91625 

.41655 

, 90911 i  23 

38 

.35239 

.93585 

.J36867 

.92956 

.88483 

.92299 

.40088 

.91613 

.41681 

.90699  22 

39 

.35266 

.93575 

.86894  .92945, 

.38510 

.92287 

.40115 

.91601 

.41707 

.908871  21 

40 

.36293 

.93565^ 

.86921 

.92935 

.38587 

.92276 

.40141 

.91590 

.41734 

.90875 

20 

41 

.86320 

.93555 

.86948 

.92924 

.38664 

.92265 

.40168 

.91578 

.41760 

.90863'  19 

42 

.36347 

.93544 

.86975  .929131 

.38591 

.92254 

.40195 

.91566 

.41787  .908511  18 

43 

.35375 

.93534 

.37002  .929021 

.88617 

.92248 

.40221 

.91555 

.41813  .90839'  17 

44 

.35402 

.9&'>24 

.37029  .92892 

.386441.92231 

.40248 

.91543 

.41840  .90826:  16 

45 

.35429 

.98514 

.37056  .92881 

.38671  .92220 

.40275 

.91531 

.41866,.  90814'  15 

46 

.35456  .93503 

.37083 

,928701 

.38698  .92209 

.40301 

.91519 

.418921.90802  14 

47 

.35484 

.93493, 

.37110 

.928591 

.38725  .92198 

.40828 

.91508 

.4191 9,.  90790!  13 

48 

.35511 

.93483 

.37187  .92849 

.387521.92186 

.40355 

.91496 

.41945 '.90778,  12 

49 

.35538  .93472 

.37164  .92838 

.38778  .92175 

.40881 

.91484 

.41972  .90766.  11 

50 

.35565 

.93462 

.871911 

.92827 

.88805  .92164 

.40408  .91472 

.41998 J. 90753 

10 

51 

.85692 

.98452' 

.87218 

.92816 

.88832  .92152 

.40434 '.91461 

.42024  .90741 

9 

52 

.356191.93441 

.87245 

.92805 

.38859  .92141 

.40461  .91449 

.42051  ,.90729 

8 

53 

.35647  .93431 

.37272 

.92794 

1  .88886  .92130 

.40488  .91437 

.420771.90717 

7 

54 

.35674 

.93420 

.37299 

.92784 

1.88912. 92119 

.40514  .91425 

.42104 

.90704 

6 

65 

.35701 

.93410 

.37826 

.92773 

.38939  .92107, 

.40541  .91414 

.42130 

.90692 

5 

56 

.35728 

.93400 

.37853 

.92762 

.38966  .92096 

.40567  .91402 

.42156 

.90680 

4 

57 

.35755 

.98389, 

.37880 

.92751 

.38993  .92085 

.40594  .91390 

.42183 

.90668 

3 

58 

.85782  .98379 

.37407 

.92740 

1  .39020  .92073 

i .40621  .91378 

.42209 

.90655 

2 

59 

.358101.98368 

.37434 

.92729 

.39046  .92062 

1.40647  .91366 

.42285  .90648 

1 

60 

.35837  .93358 

.37461 

.92718 

.39073  .92050 

.40674  .91355 

.42262  .90681 

0 

/ 

Co»in  Sine 

1 

Cosin 

Sine 

Cosin  {  Sine 

Cosin  Sine 

Cosin 

Sine 

/ 

690 

68« 

67" 

ee** 

es** 

[455] 
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TABLE  XXVn.— NATURAL  SINES  AND  COSINES. 


25°    II 

26° 

27°    1 

28°    1 

29° 

/ 

/ 

Sine 
.422(a 

Cosin 
.90<)31 

Sine 
.438:37 

Cosin 

.89879 

Sine 
.45399 

Cosin 

.89101 

Sine 
.46947 

Cosin 

.88295 

Sine  Cosin 

r 

~0 

.48481 

.87462 

60 

1 

.42288 

.90618 

.43863 

.89867 

.45425 

.89087 

.46973 

.88281 

.48506 

.87448 

59 

2 

.42315 

.90606 

.43889 

.89854 

.45451 

.89074 

.46999 

.88267 

.48532 

.87434 

58 

3 

.42341 

.90594 

.43916 

.89841 

.45477 

.89061 

'  .470^4 

.88254 

.48557 

.87420 

57 

4 

.42367 

.90582  , 

.43942 

.89828 

.4550S 

.89048 

.47050 

.88240 

.48583 

.87406 

56 

5 

.42394 

.90569 

.43968 

.89816; 

.45529 

.89035 

.47076 

.88226 

.48608 

.87891 

55 

6 

.42420 

.9a557 

.43994 

.8980:3 

.45554 

.8<KK1 

.47101 

.88213 

.48634 

.87377 

54 

7 

.42446 

.90545 

.44020 

.89790 

.45580 

.89008 

.47127 

.88199 

.48659 

.873(>3 

53 

8 

.4)^73  .90532  1 

.44046 

.89777 

.45606 

.88996 

.4715:3 

.88185 

.48684 

.87*49 

52 

9 

.42499  .90520  ' 

.44072 

.89764 

.45632 

.88981 

.47178 

.88172 

.48710 

.87335 

51 

10 

.42525 

.90507 

.44098 

.89752 

.45658 

.88968 

.47204 

.88158 

.48735 

.87321 

50 

n 

.42552 

.90495 

.44124 

.89739 

.45684 

.88955 

.47229 

.88144 

.487^ 

.87806 

49 

12 

.42578 

.90483 

.44151  !.89?26 

.45710 

.88942 

.47255 

.88130 

.48786 

.87292 

48 

13  .42604 

.90470 

.441771.89713 

.45736 

.88928 

.47281 

.88117 

.48811 

.87278 

47 

14  1 .42631 

.90468 

.442031.89700 

.45762 

.88915 

.47306 

.88103 

.48837 

.87264 

46 

15  .42657 

.90446 

.44229 '.89687 

.45787 

.88902 

.47332 

.88089 

.48862 

.87250 

45 

16  .42683 

.90433 

.44255 

.89674 

.45813 

.88888 

.47858 

.88075 

.48888 

.87235 

44 

17  1 .42709 

.90421 

.44281 

.89662 

.45839 

.88875 

.47383 

.88062 

.48913 

.87221 

4:3 

18  1.42736 

.90408 

.44307 

.89649 

.45865 

.88862 

.47409 

.88048 

.48938 

.87207 

42 

19  i  .42762 

.90396 

.44333 

.89636 

.45891 

.88&48 

.47434 

.88034 

.48964 

.87193 

41 

20 

.43788 

.90383 

.44359 

.89623 

.45917 

.88835 

.47460 

.88020 

.48989 

.87178 

40 

21 

.42815 

.90371 

.44385 

.89610 

.45942 

.88822 

.47486 

.88006 

.49014 

.87164 

39 

22 

.42&41 

.90358  i 

.44411 

.89597 

.45968 

.88808 

.47511 

.87993 

.49040 

.87150 

as 

2;^ 

.42867 

.90346 

.44437 

.89584 

.45994 

.88795 

.47537 

.87979 

.49065 

.87136 

37 

24  1.42894 

.90334 

.444^ 

.89571 

.46020 

.88782 

.47562 

.87965 

.49090 

.87121 

a; 

25  .42920 

.90321 

.44490 

.89558 

.46046 

.88768 

.47588 

.87951 

.49116 

.87107 

;35 

26 

.42946 

.90309 

.44516 

.89545 

.46072 

.88755 

.47614 

.87937 

.49141 

.87093 

31 

27 

.42972 

.90296 

.44542 

.89532 

.46097 

.88741 

.47639 

.87923 

.49166 

.87079 

33 

28 

.42999 

.90384 

.44568 

.89519 

.46123 

.88728 

.47665 

.87909 

.49192 

.87064 

:i:i 

29 

.43025 

.90271 

.44594 

.89506 

.46149 

.88715 

.47690 

.87896 

.49217 

.87050 

31 

30 

.43051 

.90259 

.44620 

.89493 

.46175 

.88701 

.47716 

.87882 

.49^42 

.87036 

30 

31 

.43077 

.90246 

.44646 

.89480 

.46201 

.88688 

.47741 

.87868 

.49268 

.87021 

29 

32 

.43104 

.90233 

.44672 

.89467 

.46226 

.88674 

.47767 

.87854 

.49293 

.87007 

2S 

33 

.4:3130 

.90221 

.44698 

.89454 

.46252 

.88661 

.47793 

.87840 

: 49318 

.86993 

27 

34 

.43156 

.90208 

.44724 

.89441 

.46278 

.88647 

.47818 

.87826 

.49344 

.86978 

2»j 

35 

.43182 

.90196 

.44750 

.89428- 

.46304 

.88634 

.47844 

.87812 

.49369 

.86964 

25 

36 

.43209 

.9018131 

.44776 

.89415 

.46330 

.88620 

.47869 

.87798 

.49394 

.86949 

24 

37 

.43235 

.90171' 

.44802 

.89402 

.46355 

.88607 

.47895 

.87784 

.49419 

.86935 

23 

38 

.43261 

.90158 

.44828 

.8*389 

.46381 

.88593 

.47920 

.87770 

.49445 

.86921 

39 

.43287 

.90146 

.44a54 

.89376 

.46407 

.88580 

.47946 

.87756 

.49470 

.86906:21 

40 

.43313 

.9013:3 

.44880 

.89363 

.46433 

.88566 

.47971 

.87743 

.49495 

.86892 

20 

41 

.43340 

.90120 

.44906 

.89350 

.46458 

.88553 

.47997 

.87729 

.49581 

-86878 

19 

42 

.43366 

.90108 

.44932 

.89337 

.46484 

.88539 

.48022 

.87715 

.49546 

.86863 

18 

43 

.43:^2 

.90095 

.44958 

.893;^ 

.46510 

.88526 

.48048 

.87701 

.49571 

.86849 

17 

44  1.43418 

.90082: 

.44984 

.89311 

.46536 

.88512 

.48073 

.87687 

.49596 

.86834 

16 

45 

.43445 

.90070 

.45010 

.89298 

.46561 

.88499 

.48099 

.87673 

.49622 

.86820 

15 

46 

.43471 

.90057 

.45036 

.89285 

.46587 

.88485 

.48124 

.87659 

.49647 

.86805 

14 

47 

.43497 

.90045 

.45062 

.89272 

.46613 

.88472 

.48150 

.87645 

.49672 

.86791 

13 

48 

.43523 

.900:32 

.45088 

.89259 

.46639 

.88458 

.48175 

.87631 

.49697 

.86777 

12 

49 

.43549 

.90019, 

.45114 

.89245 

.46664 

.88445 

.48201 

.87617 

.49723 

.86762 

11 

50 

.43575 

.90007, 

.45140 

.89232 

'  .46690 

.88431 

.48226 

.87603 

.49748 

.86748 

10 

51 

.43602 

.89994 

.45166 

.89219 

.46716 

.88417 

.48252 

.87589 

.49773 

.86733 

9 

52 

.43628 

.89981 

.45192 

.89206 

.46742 

.88404 

.48277 

.87575 

.49798 

.86719 

8 

53 

.43654 

.89968 

.45218 

.89193 

.46767 

.8a390 

.4a303 

.87661 

.49824 

.86704 

1 

54 

.43680 

.89956 

.45243 

.89180 

1 .46793 

.8a377 

.48328 

.87546 

.49849 

.86690 

6 

55 

.43706 

.89943 

.45269 

.89167 

1 .46819 

.88363 

.48354 

.87532 

.49874 

.86675 

5 

56 

.43733 

.89930 

.45295 

.89153 

.46844 

.88349 

.48379 

.87518 

.49699 

.86661  4 

57 

.43759 

.89918 

.45321 

.89140 

.46870 

.88:336 

.48405 

.87504 

.49924 

.86646  3 

58 

.43785 

.89905 

.45347 

.89127 

.46896 

.88322 

.48430 

.87490 

.49950 

.86632  2 

59 

. 43811 j. 89892 

.45373 

.89114 

.46921 

.88308 

.48456 

.87476 

.49975 

.86617  1 

60 

.43837. 89879 
Cosin  1  Sine 

.4.5399 
Cosin 

.89101 
Sine 

.46947 
,  Cosin 

.88295 
Sine 

.48481 
Cosin 

.87462 

.60000 

.86603 

_0 

/ 

Sine 

Cosin 

Sine  1 

1 

/ 

6 

4° 

63° 

62* 

61* 

60° 

[456] 


TABLE  XXVII.— NATURAL  SiNfiS  AND  COSINES. 


« 

30°   1 

1    31°   1 

32° 

38° 

34° 

/ 

r 

Sine 

Cosin 

;  Sine 

Cosin 

Sine  Cosin 

Sine  Cosin 

Sine 

Cosin 

"0. 50000 

.86603 

.51504 

.85717 

.52992  .84805 

.54464 '.83867 

.55919 

.82904 

60 

1 

.50025 

.86588 

.51529 

.85702 

.53017  .84789 

.54488  .83851 

.55943 

.828871  59 

2 

.50050 

.86573 

.51554 

.85087 

.53041  .84774 

.54.513!.  83836 

.5.5968 

.82871  58 

3  .50076 

.86559 

.51579 

.85672 

.53066  .84759 

.  54.537  |.a3819 

.55992 

.82a55l  57 

4 ' .50101 

.86544 

.51604 

.85657 

.5;3091,.  84743 

,54.5611.83804 

.56016 

.828139  56 

5  1 .50136 

.86530 

.51628 

.85642 

.53115  .84728 

.54586,. 83788 

.56040 

.82822  55 

6 

.50151 

.86515 

.51653 

.a5627 

.53140. 84712 

.54610  .83772 

.56064 

.  8280(5  54 

7 

.50176 

.86501 

.51678 

.85612 

.531641.84697 

.546:351.83756 

..50088 

.82790  53 

8 

.50301 

.8<>486 

.51703 

.85597 

.53189 

.84681 

.54059  .83740 

.56112  .82773  .52  J 

9 

.50227 

.86471 

' .51728 

.a5582 

.53214 

.84666 

.54683 '.83724 

..561.36  .82757  51  li 

10 

.50252 

.86457 

1 .51753 

.85567 

.53238 

.84650 

.54708  .83708 

.56160 

.82741,  5Cl 

11 

.50277 

.86442 

,.51778 

.85551 

.53263 

.84635' 

.54732  .a3692 

.56184 

.82724  49' 

12 

.50;i02 

.86427 

.51803 

.85536 

.53288 

.84619 

.54756  .83676 
.54781  .83660 

1  ..56208 

.82708  48 

13 

.50327 

.8^13 

.51828 

.a5521 

.  53812  j.  84604 

.56232 

.82692  47 

14 

.50352 

.86398 

'  .5ia52 

.a")506 

.53337  .84588 

.54805  .8:3645 

..56256 

.82675  46 

15 

.50377 

.86384 

, .51877 

.a^ioi 

.53361  .84573 

.548291.8:3629 

1  .56280 

.82659  45. 

16 

.50403 

.86369 

1 .51902 

.a5476 

.5313861.84557 

.54a54  .83613 

.56305 

.82(V43  44 

17 

.50428 

.865354 

.51927 

.85461 

.534111.84542 

.54878 '.83597 

..56:329 

.8262(5  43 

18 

.50453 

.86340 

.51952 

.a')446 

.5S4:35 

.84.520 

.54902  .83581 

..56353 

.82610  42 

19 

.50478 

.86325 

.51977 

.85431 

.53460 

.84511 

.f)4927  .83565 

.56377 

.82.593  41 

20  .50503 

.86310 

.52002 

.85416 

.53184 

.84495 

.54951 

.83549' 

.56401 

.82577,  40 

21 

.50528 

.86295 

.52026 

.85401 

.53509 

.84480 

.54975 

.83533 

.5^425 

.82.561  39 

22 

.50553 

.86281 

.52051 

.a53a> 

.535;« 

.84464 

.54999  .83,517 

.56449 

.82544  :38 

Z^ 

.5a578 

.86266 

.52076 

.85370 

.5a558 

.a4448 

.55024  .a3501 

.56473 

.82528  .37 

^4 

.50003 

.86251 

.52101 

.85a55 

.5.3583 

.84433 

.55048  .834a5 

.56497 

.82511  36 

25 

.50628 

.86237 

.52126 

.a5340 

.53607 

.84417 

.55072  .83469 

.56,521 

.82495  :35 

26 

.50654 

.86222 

.52151 

.85325 

.53<j;32 

.84402 

.550<)7!.  8:3453 

..56.545 

.82478  34 

27 

.50679 

.86207 

.52175 

.a)310 

.536.56 

.84.386 

..55121;.  8:3437 

..56.569 

.82462  33 

28 

.50704 

.86192 

.52200 

.a5294 

..5;3681 

.84:370 

., 55145 '.a3421 

.56593 

.82446  32 

29 

.50729 

.86178 

.52225 

.85279 

..53705 

.84:355 

..5,5169  .a3405 

.5(5617 

.82429  :31 

30 

.50754 

.86163 

.52250 

.85264 

.537130 

.84.339 

.55194  . 83389 1 

.56641 

.82413  J30 

31 

.50779 

.86148 

.52275 

.a5249 

.537.54 

.84.324 

.  55218 '.^3373' 

.56665 

.82396'  29 

32 

.50804 

.861.33 

.52299 

.852*4 

..53779  .84:308 

.. 55242  |.a33.56 

.56689 

.82:380  28 

3:3 

.50829 

.86119 

.52324 

.a">2i8 

.53804  .84292 

..55266  .83:340 

.56713 

.82:30:3  27 

ai 

.50854 

.86104 1 

.52349 

.85203 

.53828  .84277 

.5.52911.8:3:3241 

.56736 

.82:W7  26 

35 

.50879 

.860891 

.52374 

.85188 

..53a">3  .842(51 

.,5.5315  .a3308, 

.56760 

.82330  25 

36 

.50904 

.86074' 

.52399 

.85173. 

.53877  .84245 

.. 553:39,.  a3292 

.56784 

.82.314  24 

37 

.50929 

.86a'>9 

.52423 

.85157 

.53i)02  .842:30 

.,5536:3  .8:3276 

.56808 

.82297  23 

38 

.50954 

.86045' 

.52448 

.a5142 

..5:3926  .84214 

.,55388  .8:3260 

.56832 

.82281  22 

39 

.50979 

.86030 

.52473 

.85127 

.539.")1  .8419H> 
.53975  .84182, 

.^55412  .8:3244 

..56856 

.822(54  21 

40 

.51004 

.86015 

.52498 

.85112 

^5436  .8:3228 

1 

.56880 

.82248  20 

41 

.51029 

.86000' 

.52522 

.a5096 

..54000  .841671 

..5,5460  .a3212 

.56904 

.82231 '  19 

42 

.51054 

.859K5 

.52547 

.a5081 

.540241.84151 

.55484  .8:3195 

.,50928 

.8iJ214  18 

43^ 

.51079 

.a5970 

.52572 

.a5066, 

..54049 

.84135 

.,55509  .a3179 

.56952 

.82198  17 

44 

.51104  .85956 

.52-)97 

.85051 , 

.,54073 

.84120 

..5;,.>33,.831t):3 

1  ..56976 

.82181  16 

45 

.51129  .a-)941 

.52621 

.850:35; 

.54097 

.841041 

., 55557  i.a3147, 

.57000 

.82165  15 

46 

.51154 

.a5926' 

.52646 

.a5020 

.54122 

.84088, 

.. 5.5.581  j.a3i:31i 

..57024 

.82148  14 

47 

.51179 

.a5911 , 

.52671 

.85005 

.54146 

.84072 

..55<K)5  .8:3115 

..57047 

.82132  13 

48 

.51204 

.a589(J' 

.52696 

.84989 

..54171 

.84057 

..55(j:30 

.83098 

.57071 

.82115  12 

49 

.51229 

.a5881 

.52?20 

.84974 

..54195 

.84041 

..556.54 

.8:3082 

.5701)5 

.82(K>8  11 

50 

.51254 

.85866 

.52745 

.84959 

1 

.54220 

.84025 

.55678 

.83066 

.57119 

.82082  10 

51 

.51279 

.85851 

.62770 

.84943 

..54244 

.840091 

..5.5702 

.830.50 

.57143 

.82065  9 

52 

.5i:«>4 

.mms 

.52794 

.84928 

..542()9l.8:391W 

.55726 

.a30:34 

' .57167 

.82048  8 

53 

.51329 

.a5821 

.52819 

.84913 

.. 54293  ;.a3978; 

.557.50 

.a3017 

.57191 

.820:32  7 

54 

.51354 

.a5806 

.52844 

.84897' 

.54317!.a39<52 

.55775 

.83001 

.5?215 

.82015  6 

55 

.51379 

.a5792 

.52869 

.84882 

.  54:342  |.a3946 

..55799 

.82985 

1  ..572:38 

.81999,  5 

56 

.51404 

.a57r7 

.52893 

.848(i6 

.  54:366 '.a3930 

..5.582:3 

.82969 

.57262 

.81982  4 

57 

.51429 

.a5762 

.52918 

.84a51 

..54:391  .a3915 

..55847 

.829.53' 

i  .,57286 

.81{K5o  3 

58 

.51454 

.a5747 

.52943 

.84a36 

.544 15  .8:3899 

..55871  .82936 
..55895  .82<)20 

1.. 57310;.  81 949  2 

59 

.51479 

.a57;32 

.52967 

.84H20 

.54440  .a388:3, 

.57a34 

.819:32  1 

60 

.51504 

.a5717 

.52992 

.84805 

.,54464  .a3867! 

..55919  .82<K>4 

..57*58 

.81915  0 

/ 

Cosin  Sine 

Cosin 

Sine 

Cosin  1  Sine 

Cosin 

Sine 

Cosin 

Sine 

;^' 

69° 

58° 

5* 

r° 

66° 

66° 

•L457] 


TABLE  XXVir-NATimA.1,  SI^ES  AND  COSINES. 


"o 

Sfto 

86» 

37" 

380 

la""       1 

/ 

Sine  <Coain 

.573581.81915 

Sine 
.58779 

C()sin 

,80902 

Sine  Cosin 
.601^  .79864 

Sine 
.61.566 

CoHin 

778801 

Sine 

Cosin 

.62982  .77715 

60 

1 

. 57381 i. 81899 

.58802 

.80885' 

.60205 

.798461 

.61589 

.78783 

.62965 

.77696159 

2  1.574051.81882 

.58826 

.80867 

.60228 

.79829; 

.61612 

.78765 

.62977 

.776781  58 

8  '.574291.81865 

.588491.808,50 

.60251  .79811 

.61635 

.78747 

.68000 

.776601  .57 

4  '.574631.81848! 

.58873 

.80833 

.60274  .79793 

.61658 

.78729 

.68022 

.776411  56 

6  ' .57477 

.81832: 

.58896;. 80816 

.60298  .79776 

.61681 

.78711 

.63045 

.77628  55 

6  ; .57501 

.81815' 

.589201.80799 

.603211.79758 

.61704 

.78694 

.63068 

.77605  54 

7  .57524 

.81798 

.58943  .80782; 

.60*44  .79741 

.61726 

.78676! 

.68090 

.77586!  53 ' 

8  ' .57548 

.81782; 

.589671.80705' 

.6a367 

.79723 

.61749 

.78658 

.63113 

.77568!  52  1 

9  .57572 

.817651 

.589901.80748! 

.60390 '79706' 

.61772 

.78640 

.63136 

.77550 

51  I 

10  .67596 

.81748 

.590141.80730 

.60414 

.79688 

.61795 

.78622; 

1 

.63158 

.77581 

5o; 

11  ' .57619 

.81781 

.590371.80713' 

.60437  .79671 

.61618 

.78604 

.68180 

.77518 

49' 

12  .57643 

.81714 

.50061;. 80696 

.60400,. 79653 

.61841 

.78586 

.63203 

.77494 

48 

13  i  .57667 

.81698 

,590841.80679 

.60483 '.79635 

.61864,.  78668 

.63225  .77476 

47  i 

14  1 .67691 

.81681 

.59108 

.80662, 

.60506 i. 79618 

.61887  .78550 

.68248  .77468' 46 

15  1 .57715 

.81664 

.59131 

.80644 

.60529  .79600 

.61909  .7K582 

.682n  .77489  45 

16  .57738 

.81647, 

.59154 

.80627 

.605.531.795831 

.61932  .786141 

.63293  .77421  44 

17  .57762 

.81631 

.59178 

.80610 

.605761.79565 

.61955  .78496. 

.68316  .77402  43 

18  1 .57786 

.81614 

.59201 

.80593 

.60599 

.79547, 

.61978  .784781 

.68838  .77884  42 

19  ! .57810 

.81597, 

.59225 

.80576 

.60622 

.79530 

.62001  .78460 

.63361  .77866  41 

20  .57833 

.81580; 

.59248 

.80568 

.60645 

.79612 

. 62024 i. 78442 

.63883  .77847  40 

21  ' .57857 

.81563 

.69272 

.80541' 

.60668 

.79494 

.62046  .78424 

.63406  .77329  39 

22  i  .57881 

.81546 

.59295 

.80524 

.60691 

.794?;' 

.62069  .78405 

.68428  .77310  38 

23  '.57904 

.81530 

.59318 

.80507, 

.00714 

.79459 

.62092. 78387 

.68451  .77)W2  37. 

24  .57928 

.81513 

.59342 

.80489 

.60738 

.79441 

.621151.78369 

.68473. 71^273  36' 

25  i  .57952 

.81496 

.59365 

.804^ 

.60761 

.79424 

.62138 

.78361 

.63496;. 77255  35 

26  '  .57976 

.81479 

.59389 

.80455 

.60784 

.79406 

.62160 

.78883 

.68518  .77286  34 

27 

.57999 

.81462 

.59412 

.80438 

.60807 

.79388 

.62183 

.78315 

.63540  .77218  33 

28 

.58023 

.81445 

.59436 

.80420 

.60830 

.79371 

.62206 

.78297 

.686631.77199  32 

29 

.58047 

.81428 

.59459 

.80403 

60853 

.793.53 

.62229 

.78279 

.68585  .77181!  311 

80 

.58070 

.81412 

.59482 

.80386 

.60876 

.79335 

.62251 

.78261 

.63606 

.77162j30 

31 

.68094 

.81396 

.59506 

.80368' 

.60899 

.79318 

.62274 

.78848 

.68680 

.77144  29 

82 

.58118 

.813781 

.59529 

.803511 

.60922 

.79300 

.62297 

.78226 

.68668 

.771^' 28 

33  1.581411.813611 

.59552 1.80334 

.60945 

.79282 

1.623201.78206 

.68676 

.77107  27 

84 

.58165  .81344; 

.59576 

.80316 

.60968 

.79264, 

-.62342,. 78188 

.68696 

.77088  86 

35 

.68189 

.813271 

.59599 

.80299 

.60991 

.79247 

.62365 

.781701 

.63720 

.77070.25  1 

36 

.58212 

.81.310 

.59622 

.80282 

.61015 

.79229 

.62388 

.78152; 

.68742 

.77061  •  24  1 

37 

.58236 

.81293 

.59646 

.80264' 

.61038 

.79211 

.62411 

.78134 

.68766 

.77083  38  1 

88 

.58260 

.81276 

.59669 

.80^7 

.61061  .79193 

.62433 

.78116 

.68787 

.77014  22 

39 

.58283 

.81259 

.59693 

.80230 

.61084  .79176 

1  .62456 

.78098 

.68810 

.76996  21  • 

40 

.58307 

.81242 

.59716 

.80212 

.61107 

.79158 

1 

i  .62479 

.78079 

.68882 

.76977:20, 

41 

.68330 

.81225 

.59739  .80195' 

.61130 

.79140 

.62502 

.78061' 

.68854 

.76959  19' 

42 

.583541.81208' 

.597631.80178 

.61 1,53,.  79122, 

.62524 

.78043 

.68877 

.76940  18! 

43 

.58378  .811911 

.597861.80160 

.61176!.  791051 

.62547 

.78025 

.68899  .76921  17 

44 

.58401  .81174' 

.698091.80143 

. 61199 |.79C87| 

.62570 

.78007 

.63922 

.76903'  16 

45  1.584251. 81157, 

.598321.80125 

.61222,. 79069 

.62592 

.77988 

.68944 

.76884  16  j 

46  .584491.81140 

.59856 

.80108 

.61245  .79051 

.62615 

.77970 

.63966 

.76866  14 

47  .584721.811231 

.59879 

.80091 

.61268  .79033 

: .62638 

.77952 

.68989 

.76847  13 

\   48  .58496 

.81106 

.59902 

.80073 

.61291  .790161 

1 .62660 

.77984 

.64011 

.76828.12. 

49 

.58519 

.81089 

.59926  .80056 

.61314  .78J«)8 

' . 62683. 7T916 

.^033  .76810'  11  ( 

50 

.58543 

.81072 

.69949 

.80038 

.61337 

.78980 

,.62706 

.77897, 

.64056  .767911  10  i 

51 

.58567 

.81056 

.69972 

.8002r 

.61360 

.78962' 

.62728 

.77879 

.6407« 

.76772;  9, 

62 

.58590 

.8ia38 

.59995 

80003 

.61383,. 78944 

.62751 

.77861 

.64100 

.76754  8| 

63 

.58614 

.81021 

.60019 

.79986' 

.61406 

.78926 

.62774 

.77843' 

.64128 

.767351  7 

64 

.58687 

.81004! 

.60042 

.79968 

.61429 

.78908 

.62796 

.778241 

.64146 

.76717  6 

65 

.58661 

.80987 

.60065 

.79951 

.61451 

.7S891 

.62819 

.77806 

.64167  .76698  5  I 

66 

.58684 

.80970 

.60089 

.79934 

.61474 

.78873 

.62842 

.77788 

.64190 

.76679  4 

57 

.58708 

.80953 

.60112 

.79916, 

.61497 

.78855 

.62864 

.77769 

.64212 

.76661;  3 

58 

.58731 

.809;36 

.60135 

.79899 

.61520 

.78837 

.62887 

.77751 

.64284 

.76642;  2 

59 

.58755 

.80919 

.60158 

.79881 

.6154:3 

.78819 

.62909 

.77733 

.64256  .76623  1  1 

60  .58779 

.80902 
Sine 

.60182 

.79864 

.61566 

.78801 

.62932 
Cosin 

.77715 

.64279' 

.76604  0. 

t 

Cosin 

Cosin  1  Sine 

Cosin  1 

Sine 

Sine 

Cosin 

Sine 

/ 

64"» 

63-    1 

6S 

61» 

60- 

[458] 


TABLE  XXVn.-NATtrRAL  SINES  AND  COSINES. 


"o 

40«   1 

41» 

42° 

43° 

44° 

/ 

Sine 

Cosln 

Sine 

Cosin 

Sine 
.66913 

Cosin 

^74314 

Sine  Cosin 
.68200. 73135 

Sine  Cosin 

.64279 

.76604 

.65606 

.75471 

.69466  .719341  60 

1 

.64301 

.76586 

.65628 

.75452 

.66935 

.74295 

.68221 

.73116 

.69487 

.71914  59 

2 

.64823 

.76567 

.65650 

.75433 

.66956 

.74276 

.68342 

.73096 

.69508 

.71894'  58 

3 

.64346 

.76548 

.65672 

.75414 

.66978 

.74256 

.68264 

.73076 

.69529 

.71873 

57 

4 

.64368 

.76530 

.65694 

.75395 

.66999 

.74237 

.68285 

.73056 

.69549 

.71853 

56 

5 

.64390 

.76511 

.65716 

.75375 

.67021 

.74217 

.68306 

.73036 

.69570 

.71833 

56 

6 

.64412 

.76492 

.65738 

.75356 

.67043 

.74198 

.68327 

.73016 

.69591 

.71813  54 

7 

.64435 

.76473 

.65759 

.75337 

.67064" 

.74178 

.68349 

.72996 

.69612 

.71792  53 

8 

.64457 

.76455 

.65781 

.75318 

.67086 

.74159 

.68370 

.72976 

.69633 

.71773  52, 

9 

.64479 

.76436 

.65803 

.75299 

.67107 

.74139 

.68391 

.73957 

.69654  .71753  51  I 

10  .64501 

.76417 

.65825 

.75280 

.67129 

.74120 

.68412 

.72937 

.69675 

.71732 

50 

11 

.64524 

.76398 

.65847 

.75261 

.67151 

.74100 

.68484 

.72917 

.69696 

.71711 

49 

1^ 

.64546 

.76380 

.65869 

.75241 

.67172 

.74080 

.68465 

.72897 

.69717  .71691 

48 

13 

.64568 '.76361 

.65891 

.75232 

.67194 

.74061 

.68476 

.72877 

.69737  .71671 

47 

14 

.645901  76342 

.65913 

.75203 

.67215 

.74041 

.68497 

.72857 

.69758  .716501  46 

15 

.64612 '.76323' 

.65935 

.75184 

.67237 

.74022 

.68518 

.72837 

.69779. 71630  45 

16 

.646351.763041 

.65956 

.75165 

.67258 

.74002 

.68539 

.72817 

. 69800 ;.71610'  44 

17 

.646571.76286 

.65978 

.75146 

.67280 

.73983 

.68561 

.72797 

.69821 1.71590,43 

18 

.64679 

.76267 

.66000 

.75126! 

.67301 

.73963 

.68582 

.737VV 

.69842 '.71569  42 

19 

.«4701 

.76248 

.66022 

.75107 i 

.67323 

.73944 

.68603 

.73757 

.69862  .71W9I  41 

20 

.64723 

.76229 

.66044 

.75088 1 

.67344 

.73924 

.68624 

.72737 

.69683  .71529 

40 

21 

.64746 

.76210 

.66066 

.75069, 

.67366 

.73904 

.68645 

.72717 

.69904  .71508 

39 

22  ;  .64768 

.76192 

.68033 

.75050' 

.67387 

.73885 

.68066 

.73697 

.69925 1.71488 

38 

23  L64790 

.76173 

.63109 

.75030 ' 

.67409 

.73865 

.68688 

.72677, 

.69946,. 71468  37 

24  .64812 

.76154 

.66131 

.75011  i 

.67430 

.73846 

.68709 

.72657 

.69966  .71447  36 

25  .64834 

.76135 

.66153 

.74993, 

.67452 

.73826 

.68730 

.72637 

.69987  .71427  35 

26  ,.64866 

.76116 

.66175 

.74973, 

.67473 

.73806 

.68751 

.72617: 

.70008,. 71407 

34 

27  !  .64878 

.76097! 

.66197 

.74953 

.67495 

.78787 

.687712 

.725971 

.70029 

.71386 

33 

28  j  .64901 

.76078! 

.66318 

.74934 

.67516 

.73767 

.68793 

.725771 

.70049 

.71366 

32 
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22.1640 
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.05070 
.05999 
.06029 
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.00087 
.06116 

.06145 
.06175 
.06204 
.06288 
.06262 
.06291 
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8 

5:^ 

.08544 

11.7045 

.10305 

9.70441 

.12072 

8.28376 

.13846 

7.22204 

7 

W 

.08573 

11.6645 

.10334 

9.67680 

.12101 

8.26355 

.13876 

7.20661 

6 

55 

.08602 

11.6248 

.103(^3 

9.64935 

.12131 

8.24345 

.13906 

7.19125 

5 

56 

.08632 

11.58.53 

.10393 

9.62205 

.12160 

8.22344 

.13935 

7.17594 

4 

57 

.08061 

11.5461 

.10422 

9.59490 

.12190 

8.20352 

.13965 

7.16071 

3 

58 

.08690 

11.5072 

.10452 

9.. 56791 

.12219 

8.ia370 

.13995 

7.14553 

2 

59 

.08720 

11.4685 

.10481 

9.5410(J 

.12249 

8.16398 

.14024 

7.13042 

1 

60 

.08749 
Cotang 

11.4301 
Tang 

.10510 
Cotang 

!          8 

9.. 5143(5  1 

.12278 
!  Cotang 

1 

8.144a5 

.14054 
Cotang 

7.11537 

0 

/ 

Tang 

40             1 

Tang 

Tang 

8 

5« 

8 

3° 

82* 
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TABLE  XXVm.-NATURA.L  TANGENTS  AND  COTANGENTS. 


/ 

"o 

s** 

9° 

10» 

11- 

Tang 
.14054 

Cotang 

Tang 

.15838 

Cotang 

Tang 
.17638 

Cotang 

Tang 

Cotang 

/ 

7.11537 

6.31375 

5.67128 

,19438 

5.14455 

60 

1 

.14084 

7.10038 

.15868 

6.30189 

.17663 

5.66165 

.19468 

6.13658 

59 

2 

.14113 

7.06646 

.15898 

6.29007 

.17693 

5.65205 

.19498 

5.12862 

58 

3 

.14143 

7.07059 

.15928 

6.27829 

.17723 

5.64248 

.19529 

5.12069 

57 

4 

.14173 

7.03579 

.15958 

6.26655 

.17753 

5.63295 

.19559 

5.11279 

5G 

5 

.14202 

7.04105 

.15988 

6.26486 

.17783 

6.62344 

.19589 

5.10490 

55 

6 

.14232 

7.02637 

.16017 

6.24321 

.17813 

6.61397 

.19619 

6.09704 

54 

7 

.14262     7.01174 

.16047 

6.23160 

.17843 

6.60452 

.19649 

6.08921 

53 

8 

.14291     6.99718 

.16077 

6.22003 

.17873 

5.59511 

.19680 

6.06139 

52 

9 

.14321 

6.98268 

.16107 

6.20851 

.17903 

5.58573 

.19710 

5.07360 

51 

10 

.14351 

6.96823 

.16137 

6.19708 

.17933 

5.57638 

.19740 

5.06584 

m 

11 

.14381 

6.95385 

.16167 

6.ia')59 

.17963 

5.56706 

.19770 

5.05809 

49 

12 

.14410 

6.93952 

.16196 

6.17419 

.17993 

6.557'77 

.19801 

5.05037 

48 

13 

.14440 

6.92525 

.16226 

6.16283 

.18023 

6.54861 

.19831 

5.042(i7 

47 

14 

.14470 

6.91104 

.16256 

6.15151 

.18053 

5.63927 

.19861 

5.03498   '46 

15 

.14499 

6.89688 

.16286 

6.14023 

.18083 

5.53007. 

.19891 

5.02734  l4o 

16 

.14529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.19921 

6.01971 

44 

17 

.14559 

6.86874 

.16346 

6.11779 

.18143 

6.51176 

.19952 

5,01210 

43 

18 

.14.588 

6.83475 

.16376 

6.10664 

.isira 

5.50264 

.19982 

5,00461     42 

19 

.14618 

6.84062 

.16405 

6.09552 

.18203 

6.49356 

.20012 

4,99695 

41 

20 

.14648 

6.82694 

.16435 

6.06444 

.18233 

5.48461 

.20042 

4,98940 

40 

31 

.14678 

6.81312 

.16465 

6.07340 

.18263 

5.47548 

.20073 

4.98188 

39 

22 

.14707 

6.79936 

.16496 

6.06240 

.18293 

5.46648 

.20103 

4.97438 

38 

23 

.14737 

6.78564 

.16525 

6.05143 

.18323 

5.45751 

.20133 

4.96690 

37 

2i 

.14767 

6.77199 

.16555 

6.04051 

.isa'is 

6.44857 

.20164 

4.95945 

36 

25 

.14796 

6.75838 

.16585 

6.02962 

.18384 

6.43966 

.20194 

4.95201 

35 

26 

.14826 

6.74483 

.16615 

6.01878 

.18414 

5.43077 

.20224 

4.94460 

34 

27 

.14856 

6.73133 

.16646 

6.00797 

.18444 

5.42192 

.20254 

4.93721 

33 

28 

.14886 

6.71789 

.16674 

5.99720 

.18474 

5.41309 

.20285 

4.92984 

32 

29 

.14915 

6.70450 

.16704 

5.9S646. 

.18504 

6.40429 

.20815 

4.92^9 

31 

30 

.14945 

6.69116 

.16734 

5.97576 

.18534 

5.39652 

.20345 

4.91516 

30 

31 

.14975 

6.67787 

.16764 

6.96510 

.18564 

5,88677 

.20376 

4.90785' 

29 

32 

.15005 

6.66463 

.16794 

5.95448 

.18594 

5.37805 

.20406 

4.90056 

28 

33 

.15034 

6.66144 

.16824 

5.94390 

.18624 

6.36936 

.20436 

4.89330 

27 

84 

.15064 

6.63831 

.16854 

5.93336 

.18654 

5,86070 

.20466 

4.88605 

26 

35 

.15094 

6.62523 

.16884 

5.92283 

.18684 

5.86206 

.20497 

4.878S2 

23 

36 

.151^4 

6.61219 

.16914 

5.91236 

.18714 

6.34345 

.20527 

4.87162 

34 

37 

.15153 

6.59921 

.16944 

6.90191 

.18745 

5.3^487 

.20557 

4.8^44 

23 

38 

.15183 

6.59627 

.16974 

5.89151 

.18775 

6.32631 

.20588 

4.85727 

22 

89 

.15213 

6.57339 

.17004 

5.88114 

.18805 

5.31778 

.20618 

4.85013 

21 

40 

.15243 

6.56056 

.17033 

5.87080 

.18885 

6.30928 

.20648 

4.81300 

20 

41 

.15272 

6.54777 

.17063 

6.86051 

.18865 

5.30080 

.20679 

4.83590 

19 

42 

.15302 

6.53503 

.17093 

5.85024 

.18895 

5.29235 

.20709 

4.82882 

18 

43 

.15332 

6.52234 

.17123 

5.84001 

.18925 

5.28393 

.20739 

4.82176    17 

44 

.15362 

6.50970 

.17153 

5.82982 

.18955 

5.275.53 

.20770 

4.81471 

16 

45 

.15391 

6.49710 

.17183 

5.81966 

.18986 

5.26715 

.20800 

4.80769 

15 

46 

.15421 

6.48466 

.17213 

5.80953 

.19016 

6.25880 

.20830 

4.80068 

14 

47 

.15451 

6.47206 

.17243 

5.79944 

.19046 

.6.25048 

.20861 

4.79370 

13 

48 

.15481 

6.45961 

.17273 

5.78938 

.19076 

5.24218 

.20891 

4.78673 

12 

49 

.15511 

6.44720 

.17303 

5.77936 

.19106 

5.23391 

.20921 

4.77978 

11 

50 

.15540 

6.43484 

.17333 

5.76937 

.19136 

5.22666 

.20952 

4.77886 

10 

51 

.15570 

6.42253 

.17363 

6.75941 

.19166 

5.21744 

.20962 

4.76595 

9 

52 

.15600 

6.41026 

.17393 

5.74949 

.19197 

5.20925 

.21018 

4.75906 

8 

53 

.15630 

6.39804 

.17423 

5.73960 

.19227 

5.20107 

.81043 

4.75819 

7 

54 

.15660 

6.88587 

.17453 

5.72974 

.19257 

5.19293 

.21073 

4.74534 

6 

55 

.15689 

6.37374 

.17483 

6.71992 

.19287 

5.18480 

.21104 

4.73851 

5 

56 

.15719 

6.36165 

.17513 

5.71013 

.19317 

5.17671 

.21184 

4.73170 

4 

57 

,15749 

6.34961 

.17543 

5.70037 

.19347 

6.16863 

.21164 

4.72490 

3 

58 

.15779 
.15809 

6.33761 

.17573 

5.69064 

.10378 

6.16058 

.21195 

4.71813 

2 

59 

6.32566 

.17603 

5.68094 

.19408 

5.15256 

.21225 

4.71187 

1 

60 

.15838 

6.31375 

.17633 
Cotang 

5.67128 

.19438 
Cotang 

6.14455 

.21256 
Cotang 

4.70493 

0 

/ 

Cotang 

Tang 

Tang 

Tang 

Tan^ 

/ 

SI** 

80»           1 

79» 

78»           1 
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TABLE  XXVin.— NATURAL  TANGENTS  AND  COTANGENTS. 

16» 

17-           1 

18° 

19" 

.1 

j 
60 

/ 

Tang 

.28675 

Cotang  i 

Tang 

.30578" 

Cotang 

Tang 

'   .32492 

Cotang 

Tang 
.^4433 

Cotang 

0 

3.48741  , 

8.27085 

3.07768 

2.90421 

1 

.28706 

3.48359  > 

.30605 

8.26745 

.32524 

3.07464 

.»1465 

2.90147  1591 

2 

.287:w 

3.47977 

.80687 

8.26406 

.32.556 

3.07160 

.»4498 

2.89873  '58 

3 

.28769 

3.475% 

.30669 

8.26067 

.32.588 

3.06857 

.34530 

2.89600    57 

4 

.28800 

3.47216  ' 

.30700 

3.25729 

.32621 

3.06554 

.34o6;i 

2.89327    ,56, 

5 

.28832 

3.46837  i 

.80732 

8.25392 

.32653 

3.06252 

.»4596 

2.89055  '55| 

6 

.28864 

3.46458  I 

.30764 

8.25055 

.32685 

3.05950 

.34628 

2.88783  l.'>4' 

7 

.28895 

3.46080 

.30796 

8.24719 

.82717 

3.05649 

.34661 

2.88511     5:} 

8 

.28927 

3.45703 

.30828 

3.^1383 

.32749 

8.05349 

.34693 

2.88240 

9 

.28958 

3. 45:^27  1 

.30860 

3.24049 

.32782 

3.06049 

.^4726 

2.87970 

.51" 

10 

.28990 

3.44951 

.80891 

8.23714 

.32814 

3.04749 

.34758 

2  87700 

50 

n 

.29021 

3.44576 

.80923 

3.23381 

.32846 

3.04450 

.34791 

2.87430    49  1  1 

12 

.2JK)53 

3.44202 

.80a')5 

8.23048 

.32878 

8.04152 

.84824 

2.87161     48  . 

13 

.29084 

3.43829 

.30987 

8.22715 

.82911 

3.03854 

.84856 

2.86882    47' 

14 

.29116 

3.43456 

.81019 

8.22384 

.32943 

3.03556 

.34889 

2.86624    46 

15 

.29147 

3.43084 

.31051 

3.22053 

.32975 

3.03260 

.34922 

2.86356    45  1 

10 

.29179 

3.42713  1 

.31083 

8.21722 

.33007 

8.02963 

.^4954 

2.86089    44  ' 

17 

.29210 

3.42343  I 

.31115 

3.21392 

.83040 

8.02667 

.34987 

2.85822 

43' 

IS 

.2J/242 

8.41973 

.81147 

3.21063 

.83072 

3.02372 

.35020 

2.85555 

42  1 

19 

.29274 

3.41604 

.81178 

3.20734 

.33104 

3.02077 

.35052 

2.85289  '  41 

20 

.29305 

3.41236 

.81210 

3.20406 

.33186 

3.01788 

.35085 

2.85023  p40 
2.84758    39  I 

21 

.29337 

8.40869 

.81242 

3.20079 

.33169 

3.01489 

.85118 

22 

.29368 

3.40502 

.31274 

8.19752 

.33201 

3.01196 

.85150 

2.84494    ;« 

2:^ 

.29400 

3.40136 

.31306 

3.19426 

.33283 

3.00908 

.85183 

2.84229  ,37 

24 

.29432 

3.39771 

.31338 

3.19100 

.83266 

3.00611 

.35216 

2.8396r»  \m 

25 

.29463 

3.39406  ■ 

.31370 

3.18775 

.33298 

3.00319 

.85248 

2.83702  ,'.3.5 

20 

.29495 

8.39042 

.81402 

3.18451 

.33330 

8.00028 

.36081 

2.83439    :U 

27 

.29526 

3.38679 

.31484 

3.18127 

.33363 

2.99738 

.35814 

2.83176  |33i 

28 

.29558 

3.38317 

.31466 

3.17804 

.83395 

2.99447 

.85346 

2.82914    32  1 

29 

.29590 

3:375! 

.81498 

8.17481 

.33427 

2.99158 

.85879 

2.82653  '31i 

30 

.29621 

.81580 

3.17159 

.33460 

2.98868 

.35412 

2.82391    30 

31 

.29653 

8.37334 

.81562 

3.16838 

.33492 

2.96680 

.85445 

2.88130    29 

32 

.25)685 

3.36875 

.81594 

3.18517 

.33524 

2.98292 

.35477 

2.81870    281 

33 

.2J>716 

8.36516 

.31626 

3.16197 

.33557 

2.98004  ! 

.35610 

2.81610    271 

U 

.29748 

3.36158 

.31658 

8.15877 

.33589 

2.97717 

.86543 

2.81860    26 

35 

.29780 

3.35800 

.31690 

3.15558 

.33621 

2.97430 

.85576 

2.81091     25' 

3(5 

.29811 

3.35443 

.31722 

3.1,5240 

.33654 

2.97144 

.35606 

2.80833  124^ 

37 

.29843 

3.. 3508? 

.31754 

3.14922 

.33686 

2.96858 

.85641 

2.80574  '23 

38 

.29875 

3.34732 

.31786 

3.14605 

.&3718 

2.96573  ' 

.85674 

2.80316    22 

39 

.29906 

3.34377 

.31818 

3.14288 

.33751 

2.96288 

.857107 

2.80069    21 

40 

.29938 

3.34023 

.81850 

3.13972 

.33783 

2.96004 

.85740 

2.79802  |20 

41 

.29970 

3.. 33670 

.81882 

3.13666 

.33816 

2.96721 

.85772 

2.79545 

19 

42 

.30001 

3.3J«17 

.31914 

3.13341 

.33848 

2.9.5437 

.85805 

2.79289 

18 

43 

.;W033 

3.32965 

.31946 

3.13027 

.a3881 

2.95155 

.35838 

2.79038 

17 

44 

.80065 

3.32614 

.8197'8 

3.12713 

.a3913 

2.94872 

.35871 

2.78778 

16 

45 

.30097 

3.32264 

.32010 

8.12400 

.33945 

2.94591 

.85904 

2.78523 

15 

40 

.30128 

3.31914 

.32042 

3.12087 

.33978 

2.94309 

.85937 

2.78269 

14 

47 

.30160 

3.31565 

.32074 

3.11775 

.34010 

2.&4028 

.85969 

2.78014 

13 

48 

.30192 

3.31216 

.32106 

8.11464 

.34043 

2.93748  ' 

.86002 

2.77761 

12 

49 

.30224 

3.30868 

.32139 

3.11153 

.34075 

2.93468 

.86086 

2.77507 

11 

50 

.30255 

3.30521 

.32171 

3.10642 

.34106 

2.93189 

.96068 

2.77254 

10 

51 

.30287 

3.30174 

.32203 

3.10532 

.84140 

2.92910 

.86101 

2.77002 

9 

52 

.30319 

3.29829 

.322:« 

3.10223 

.34173 

2.92632 

.86134 

2.76750 

8 

r>3 

.30;551 

3.29483 

.82267 

3.09914 

.34205 

2.92354 

.86167 

2.76498 

7 

54 

.30382 

3.29139 

.32299 

3.09606 

.34238 

2.92076 

.86199 

2.76247 

6 

55 

.30414 

3.28795 

.32a31 

3.09298 

.34270 

2.91799 

.36232 

2.75996 

5 

5() 

.30446 

3.28452 

.82;i63 

3.08991 

.34;W3 

2.91523 

.86265 

2.75746 

4 

57 

.30478 

3.28109 

.82396 

3.08685 

.34335 

2.91246 

.86298 

2.75496 

3 

58 

.30509 

8.27767 

.32428 

8.0a379 

.34368 

2.<)0971 

.86381 

2.75246 

2 

59 

.30541 

8.27426 

.32460 

3.08073 

.34400 

2.90696 

.86864 

2.74997 

1 

fW) 

.3(X573 
( 'otan^ 

3.270a5 

^32492 
Cotang 

8.077(}8 

.34433 
Cotang 

2.90421 

.36397 

2.74748 

0 

/ 

Tang 

Tang 

Tang 

1 

Cotang 

Tang 

/ 

73° 

7 

2« 

7 

V 

70" 
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TABLE  XXV1I1.-?JaTURAL  TANGENTS  AND  COTANGENTS. 


20°           1 

21°           1 

22° 

23°           1 

i 

f 

"o 

Tang- 

Cotaiig 

Tang 
.38:M} 

Cotang 

Tang 
.40403 

Cotang  ! 

Tang 
.43447" 

Cotang 

w 

60 

.36397 

2.74748 

2.(X)509 

2.47509 

2.35585 

1 

.36430 

2.74499 

.38420 

2.60283 

.40436 

2.47302 

.43482 

3.85395 

59 

2 

.36463 

2.74251 

.38453 

2.60057 

.40470 

2.47095 

.42516 

2.35205 

58 

3 

.36496 

2.74004 

.38487 

2.59881 

.40504 

2.46888 

.42551 

2.35015 

57 

4 

.36529 

2.73756 

.38520 

2.59606 

.40588 

2.46682 

.42585 

2.34825 

56 

5 

.36563 

2.73509 

.38553 

2.59381 

.40572 

2.46476 

.42619 

2.34686 

55 

6 

.36595 

2.73263 

.88587 

2.59156 

.40606 

2.46270 

.42654 

2.34447 

54 

7 

.36628 

2.73017 

.38(520 

2.58932 

.40640 

2.46065 

.42688 

2.34258 

53 

8 

.36661 

2.72771 

.38654 

2.58708 

.40674 

2.45860 

.42722 

2.34069 

52 

9 

.36694 

2.72526 

.38(587 

2.58484 

.40707 

3.45655 

.42757 

2. 313881 

51 

10 

.36727 

2.72281 

.38721 

2.58261 

.40741 

2.45451 

.42791 

2.33693 

50 

11 

.36760 

2.72036 

.38754 

2.68088 

.40775 

2.45246 

.42826 

2.a3505 

49 

n 

.36793 

2.71792 

.38787 

2.57815 

.40809 

2.45043 

.42860 

2.33817 

48 

113 

.36826 

2.71548 

.38821 

2.57593 

.40843 

2. 448:59 

.43894 

2.33130 

47 

:i4 

.36859 

2.7VS05 

.88a54 

2.57371 

.40877 

2.44636 

.42929 

2.32943 

46 

'15 

.36892 

2.71062 

.38888 

2.57150 

.40911 

2.44438 

.42963 

2.82756 

45 

Hi 

.36925 

2.70819 

.38921 

2.50928 

.40945 

2.44230 

.42998 

2.32570 

44 

|17 

.36958 

2.70577 

.38955 

2.56707 

.40979 

2.44027 

.43082 

2.82388 

43 

'l8 

.36991 

2.70335 

.88988 

2.56487 

.41013 

2.43825 

.48067 

2.32197 

42 

19 

.37024 

2.70094 

.39022 

2.56266 

.41047 

2.43623 

.43101 

2.32012 

41 

M 

.37057 

3.69853 

.39055 

2.56046 

.41081 

2.43422 

.43136 

2.31826 

40 

|21 

.37090 

2.69012 

.39089 

2.55827 

.41115 

2.43220 

.43170 

2.31641 

39 

23 

.37123 

2.69371 

.39122 

2.55608 

.41149 

2.48019 

.43205 

2.31456 

38 

r£i 

.37157 

2.69131 

.39156 

2.55389 

.41183 

2.42819 

.43239 

2.31271 

37 

24 

.37190 

2.68892 

.39190 

2.55170 

.41217 

2.42618 

.4;i274 

2.31066 

36 

25 

.37223 

2.686.53 

.39223 

2.54952 

.41251 

2.43418 

.43808 

2.80903 

35 

26 

.37256 

2.68414 

.39257 

2.54734 

.41285 

2.42218 

.43343 

3.30718 

34 

27 

.37389 

2.68175 

.39290 

2.54516 

.41319 

2.42019 

.4^378 

2.30534 

83 

28 

.37323 

2  67937 

.39324 

2.54299 

.41353 

2.41819 

.4Ji412 

2.30351 

32 

29 

.37355 

2.67700 

.391^57 

2.54082 

.41387 

2.41620 

.43447 

2.80167 

31 

30 

.37388 

2.67462 

.39891 

2.53865 

.41421 

2.41421 

.43481 

2.29984 

80 

,31 

.37422 

2.67225 

.39425 

2.58648 

.41455 

2.41228 

.43510 

2.29801 

29 

,32 

.37455 

2.66989 

.39458 

2.53432 

.41490 

2.41025 

.43550 

2.29619 

28 

,m 

.37488 

2.66752 

.394{)2 

2.5:^217 

.41524 

2.40827 

.4,3585 

2.29437 

27 

U 

.37521 

2.66516 

.39526 

2.53001 

.41558 

2.40629 

.43620 

2.29254 

26 

35 

.37554 

2.66281 

.39.>59 

2.52786 

.41592 

2.40432 

.43654 

2.29073  !35 

-m 

.37588 

2.66046 

.89593 

2.52571 

.41626 

2.402a5 

.43(589 

2.28891 

34 

37 

.37621 

2.65811 

.39026 

2.52357 

.41660 

2.40038 

.43734 

2.28710 

23 

;i8 

.37651 

2.65576 

..396(50 

2.52142 

.41694 

2.39841 

.43758 

2.28528 

23 

39 

.37687 

2.65342 

.39694 

2.51929 

.41728 

2.39645 

.45793 

3.28348    21 

40 

.37720 

2.65109 

.39727 

2.51715 

.41763 

2.89449 

.43828 

2.38167 

20 

41 

.37754 

2.64875 

.39761 

2.51502 

.41797 

3.39353 

.43862 

2.27987 

19 

42 

.37787 

2.64042 

.89795 

2.51289 

.41881 

3.89058 

.43897 

2.27806 

18 

43 

.37820 

2.64410 

.39829 

2.51076 

.41865 

3.:5886;5 

.43982 

2.27626 

17 

44 

.37853 

2.64177 

.89802 

2.50864 

41899 

3.38668 

.481H56 

2.27447 

16 

45 

.37887 

2.63945 

.39896 

2.50652 

.41933 

3.38478 

.44001 

2.27267 

15 

46 

.37920 

2.63714 

.89930 

2.50440 

.41968 

3.88279 

.44036 

2:27088 

14 

47 

.37953 

2.63483 

.39963 

2.50229 

.42002 

2.88084 

.44071 

2.20909 

13 

48 

.37986 

2.63252 

.39997 

2.50018 

.42086 

2.87891 

.44105 

2.36730 

12 

49 

.38020 

2.63021 

.40031 

2.49807 

.42070 

2.87697 

.44140 

3.26552 

11 

50 

.38053 

2.62791 

.40065 

2.49597 

.42105 

2.87504 

.44175 

2.26374 

10 

51 

.38086 

2.62561 

.40098 

2.49886 

.42189 

2.87311 

.44310 

2.26196 

9 

52 

.38120 

2.62332 

.40132 

2.49177 

.42173 

2.87118 

.44244 

2.26018 

8 

53 

.38153 

2.62103 

.40166 

2.48967 

.42207 

2.36935 

.44279 

2.25840 

7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 

3.3(57&J 

.44314 

2.35663 

6 

55 

.38220 

2.61&46 

.40234 

2.48549 

.42276 

2.36541 

.44349 

3.35486 

5 

56 

.38253 

2.61418 

.40267 

2  48340 

.42310 

2.36349 

.44384 

2.35309 

4 

57 

.38286 

2.61190 

.40301 

2.48182 

.42345 

2.36158 

.44418 

2.25133 

3 

58 

.38320 

2.609631 
2.6073ff 

.40335 

2.47924 

.42379 

2.35967 

.44453 

3.34956 

2 

59 

.38353 

.40369 

2.47716 

.42413 

2.. 35776 

.44488 

2.34780 

1 

GO 

.38386 

2.60509 

.40403 
Cotang 

2.47509 

.4^447 
Cotang 

2.:i5585 

.44523 
Cotang 

2.34604 

0 

Cotang 

Tang 

Tang 

Tang 

Tang 

69° 

68°           1 

6 

7° 
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TABLE  XXVm.— NATURAL  TANGKNTS  AND  COTANGENTS. 


m 

24«           1 

26» 

1           26» 

27«           1 

60 

W 

Tangr 
.44523 

Cotangr 

Tang 
.46631 

Cotang 

Tang 

Cotang 

Tang 

.50953 

Cotang 

0 

2.24604 

2.14451 

.48773 

2.05090 

1.96261 

1 

.44558 

2.24428 

.46666 

2.14288 

.48809 

2.04879 

.50989 

1.96120 

59 

2 

.44593 

2.24252 

.46702 

2.14125 

.48845 

2.04728 

.51026 

1.95979 

58 

8 

.44627 

2.24077 

.46737 

2.13963 

.48881 

2.04577 

.51068 

1.95838 

57 

4 

.44662 

2.23902 

.46772 

2.13801 

.48917 

2.04426 

.51099 

1.95698 

56 

5 

.44697 

2.23727 

.46806 

2.13639 

.48963 

2.04276 

.51136 

1.95557 

65 

6 

.44733 

2.23553 

.46843 

2.13477 

.48989 

2.04125 

.61173 

1.95417 

54 

7 

.44767 

2.23378 

.46879 

2.13316 

.49026 

2.03975 

.61209 

1.95277 

53 

8 

.44802 

2.23204 

.46914 

2.13154 

.49062 

2.03825 

.51246 

1.95137  ;52 

9 

.44837 

2.23030 

.46950 

2.12993 

.49098 

ji«.  03675 

.61283, 

1.94997 

51 

10 

.44872 

2.22857 

.46985 

2.12832 

.49134 

2.03536 

.61319 

1.94858 

50 

it 

.44907 

2:22683 

.47021 

2.12671 

.49170 

2.08376 

.51856 

1.94718 

49 

[2 

.44942 

2.22510 

.47056 

2.12511 

.49206 

2.03227 

.51393 

1.94579 

48 

13 

.44977 

2.22337 

.47092 

2.12350 

.49242 

2.03078 

.61480 

1.94440 

47 

[4 

.45012 

2.22164 

.47128 

2.12190 

.49278 

2.02929 

.51467 

1.94301 

46 

[5 

.46047 

2.21992 

.47163 

2.12a30 

.49315 

2.02780 

.51503 

1.94162  ;45 

[6 

.45062 

2.21819 

.47199 

2.11871 

.49351 

2.02631 

.51540 

1.94023  144 

17 

.45117 

2.21647 

.47234 

2.11711 

.49387 

2.02483 

.51577 

1.93885 

43 

18 

.45152 

2.21475 

.47270 

2.11552 

.49423 

2.02335 

.61614 

1.93746 

42 

19 

.45187 

2.21304 

.47305 

2.11392 

.49459 

2.02187 

.51651 

1.93608 

41 

K) 

.45222 

2.21132 

.47341 

2.11233 

.49495 

2.02039 

.51688 

1.93470 

40 

!1 

.45257 

2.20961 

.47377 

2.11075 

.49532 

■2.01891 

.51724 

1.9333S 

39 

» 

.45292 

2.20790 

.47412 

2.10916 

.49568 

2.01743 

.51761 

1.93196 

38 

S 

.45327 

2.20619 

.47448 

2.10758 

.49604 

2.01596 

.51798 

1.93067 

37 

!4 

.45362 

2.20449 

.47483 

2.10600 

.49&40 

2.01449 

.51835 

1.92920 

36 

!5 

.45397 

2.20278 

.47519 

2.10442 

.49677 

2.01302 

.51872 

1.92782 

35 

» 

.45432 

2.20106 

.47555 

2.10284 

.49713 

2.01155 

.51909 

1.92645 

34 

J7 

.45467 

2.19938 

.47590 

2.10126 

.49749 

2.01008 

.61946 

1.92506 

33 

!8 

.4.-502 

2.19769 

.47626 

2.09969 

.49786 

2.00862 

.51963 

1.92371 

32 

!9 

.4.  ^ 

2.19599 

.47662 

2.09311 

.49622 

2.00715 

.62020 

1.92235 

31 

» 

.45573 

2.19430 

.47698 

2.09654 

.49858 

2.00569 

.52057 

1.92096 

30 

H 

.46606 

2.19261 

.47733 

2.09496 

.49894 

2.00423 

.52094 

1.91962 

29 

t2 

.45643 

2.19092 

.47769 

2.09341 

.49931 

2.00277 

.52131 

1.91826 

28 

» 

.45678 

2.18923 

.47805 

2.09184 

.49967 

2.00131 

.62168 

1.91690 

27 

)4 

.45713 

2.18755 

.47840 

2.09028 

.50004 

1.99986 

.52205 

1.91554 

26 

» 

.45748 

2.18587 

.47876 

2.08872 

.50040 

1.99841 

.52242 

1.91418 

25 

)6 

.45784 

2.18419 

.47912 

2.08716 

.50076 

1.99696 

.52279 

1.91^ 

24 

17 

.45819 

2.18251 

.47948 

2.08560 

.50113 

1.99550 

.52316 

1.91147 

23 

i8 

.45854 

2.18084 

.47964 

2.08405 

.50149 

1.99406 

.52363 

1.91012 

22 

)9 

.45889 

2.17916 

.48019 

2.08250 

.50185 

1.99261 

.62390 

1.90876 

21 

10 

.45924 

2.17749 

.48055 

2.08094 

.50222 

1.99116 

.52427 

1.90741 

20 

H 

.45960 

2.17582 

.48091 

2.07939 

.50258 

1.98972 

.62464 

1.90607 

19 

12 

.46995 

2.17416 

.48127 

2.07785 

.50296 

1.98828 

.52501 

1.90472 

18 

13 

.46030 

2.17249 

.48163 

2.07630 

.50331 

1.98684 

.62538 

1.90337 

17 

14 

.46065 

2.17083 

.48198 

2.07476 

.50368 

1.98540 

.62575 

1.90203 

16 

15 

.46101 

2.16917 

.48234 

2.07321 

.50404 

1.98396 

.62613 

1.90069 

15 

16 

.46136 

2.16751 

.48270 

2.07167 

.50441 

1.98253 

.62650 

1.89985 

14 

17 

.46171 

2.16585 

.48306 

2.07014 

.50477 

1.98110 

.52687 

1.89801 

13 

18 

.46206 

2.16420 

.48342 

2.06860 

.50514 

1.97966 

.52724 

1.80667 

12 

19 

.46242 

2.16255 

.48378 

2.06706 

.50550 

1.97823 

.52761 

1.89538 

11 

H) 

.46277 

2.16090 

.48414 

2.06553 

.50587 

1.97681 

.52798 

1.89400 

10 

il 

.46312 

2.15925 

.48450 

2.06400 

.50623 

1.97538 

.52886 

1.8926(> 

9 

>2 

.46348 

2.15760' 

.48486 

2.06247 

.50660 

1.97395 

.52873 

1.89133 

8 

>3 

.46383 

2.15596 

.48521 

2.06094 

.50696 

1.97253 

.52910 

1.89000 

7 

>4 

.46418 

2.15432 

.48557 

2.05942 

.50733 

1.97111 

.52947 

1.88867 

6 

>5 

.46454 

2.15268 

.48593 

2.05790 

.50769 

1.96969 

.52985 

1.88734 

5 

>6 

.46489 

2.15104 

.48629 

2.05637 

.50806 

1.96827 

.53022 

1.88602 

4 

)7 

.46525 

2.14940 

.48665 

2.05485 

.50843 

1.96685 

.53059 

1.^469 

3 

)8 

.46560 

2.14777 

.48701 

2.05333 

.50879 

1.96544 

,53096 
153134 

1.88337 

2 

S9 

.46595 

2.14614 

.48737 

2.05182 

.50916 

1.96402 

1.882U6 

1 

K) 

.46631 
Cotang 

2.14451 

.48773 

2.05030 

.50953 
i  Cotang 

1 

1.96261 

.53171 

1.88073 

_0 

/ 

Tang 

Cotang  1    Tang 

Tang 

CotAng 

Tang 

66* 

64° 

!           63° 

62«           1 
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TABLE  XXVin.-NATURAL  TANGENTS  AND  COTANGENTS. 


28» 

/ 

Tang 
.53171 

Cotang 

0 

1.88073 

1 

.53208 

1.87941 

2 

.53246 

1.87809 

3 

.53283 

1.87677 

4 

.63320 

1.87546 

5 

.53358 

1.87415 

6 

.53395 

1.87283 

7 

.53432 

1.87152 

8 

.53470 

1.87021 

9 

.53507 

1.86891 

10 

.53545 

1.86760 

11 

.53582 

1.86630 

12 

.53620 

1.86499 

13 

.53657 

1.86369 

14 

.53694 

1.86239 

15 

.53732 

1.86109 

16 

.53769 

1.85979 

17 

.53807 

1.85850 

18 

.53844 

1.85720 

19 

.53882 

1.85591 

20 

.53920 

1.85462 

21 

.58957 

1.85333 

22 

.53995 

1.85204 

28 

.54032 

1.85075 

24 

.54070 

1.84946 

25 

.54107 

1.84818 

26 

.54145 

1.84689 

27 

,54183 

1.^4561 

28 

.54220 

1.84433 

29 

.54258 

1.84305 

30 

.54296 

1.84177 

31 

.54383 

1.84049 

32 

.54371 

1.83922 

33 

.54409 

1.83794 

34 

.54446 

1.83667 

35 

.54484 

1.83540 

36 

.54522 

1.83413 

37 

.54560 

1.83286 

38 

.54597 

l.a3159 

39 

.54635 

1.83033 

40 

.54673 

1.82906 

41 

.M711 

1.82780 

42 

.54748 

1.82664 

43 

.54786 

1.82528 

44 

.54824 

1.82402 

45 

.54862 

1.82276 

46 

-54900 

1.82150 

47 

.54938 

1.82025 

48 

.54975 

1.81899 

49 

.55013 

1.81774 

50 

.55051 

1.81649 

51 

.55089 

1.81524 

52 

.55127 

1.81399 

58 

.55165 

1.81274 

54 

.55203 

1.81150 

55 

.55241 

1.81025 

56 

.55279 

1.80901 

57 

.55317 

1.80777 

58 

.55355 

1.80653 

59 

.55393 

1.80529 

60 

.564:« 

1.80405 

t 

Cot4ing 

Taiig 

6 

1« 

29^ 


J'ang 

.55431 
.55469 
.55507 
.55545 
.55583 
.55621 
.55659 
.55697 
.55736 
.55774 
.55812 

.55850 
.55888 
.55926 
.55964 
.56003 
.56041 
.56079 
.56117 
.56156 
.56194 

.56232 
.56270 
.56309 
.56347 
.56385 
.56424 
.56462 
.56501 
.56539 
.56577 

.56616 
.56654 
.56693 
.56731 
.56769 
.56808 
.56846 
.56885 
.56923 
.56962 

.57000 
.57039 
.57078 
.57116 
.57155 
.57193 
.57232 
.57271 
.57309 
.57348 

.57386 
.57425 
.57464 
.57503 
.57541 
.57580 
.57619 
.57657 
.57696 
.57735 


Cotang 


.80405 
.80281 
.80158 
.80034 
.79911 
.79788 
.79665 
.79542 
.79419 
.79296 
.79174 

.79051 
.78929 
.78807 
.78685 
.78563 
.78441 
.78319 
.78198 
.78077 
.77955 

.77834 
.77713 
.77592 
.77471 
.77351 
.77230 
.77110 
.76990 
.76869 
.76749 

.76629 
.76510 
.76390 
.76271 
.76151 
.76082 
.75913 
.75794 
.75675 
.75556 

.75437 
.75319 
.75200 
.75082 
.74964 
.74846 
.74728 
.74610 
.74492 
.74375 

.74257 
.74140 
.74022 
.73905 
.73788 
.73671 
.73655 
.73438 
.73321 
.73'J05 


Cotang  ;  Tang 
60^ 


80« 


^ang 

T577a5 
.57774 
.57813 
.57851 
.57890 
.57929 
.57968 
.58007 
.58046 
.58085 
.58124 

.58162 
.58201 
.58240 
.58279 
.58318 
.58357 
.58396 
.58435 
.58474 
.58518 

.585B2 
.58591 
.58631 
•.58670 
.58709 
.58748 
.58787 
.58826 
.58865 
.58905 

.58944 
.58983 
.59022 
.59061 
.59101 
.59140 
.59179 
.59218 
.59258 
.59297 

.59336 
.59376 
.59415 
.59454 
.59494 
.59533 
.59573 
.59612 
.59651 
.59691 

.59730 
.59770 
.59809 
.59849 
.59888 
.59928 
.59967 
.60007 
.60046 
.60086 

Cotang 


Cotang 


.73205 
.78089 
.72978 
.72857 
.72741 
.72625 
.72609 
.72393 
.72278 
.72163 
.72047 

.71932 
.71817 
.71702 
.71588 
.71473 
.71358 
.71244 
.71129 
.71015 
.70901 

.70787 
.70673 
.70560 
.70446 
.70332 
.70219 
.70106 
.69992 
.69879 
.69766 

.69653 
.69541 
.69428 
.69316 
.692aS 
.69091 
.68979 
.68866 
.68754 
.68643 

.68531 
.68419 
.68308 
.68196 
.68085 
.67974 
.67863 
.67752 
.67641 
.67530 

.67419 
.67809 
.67198 
.67088 
.66978 
.66867 
.66757 
.66647 
.66538 
.66428 


Tang 


W 


ZV 


Tang 


.60066 
.60126 
.60166 
.60205 
.60245 
.60284 
.60324 
.60864 
.60403 
.60443 
.60483 

.60522 
.60562 
.60602 
.60642 
.60681 
.60721 
.60761 
.60801 
.60841 
.60881 

.60921 
.60960 
.61000 
.61040 
.61080 
.61120 
.61160 
.61200 
.61240 
.61280 

.61320 
.61360 
.61400 
.61440 
.61480 
.61620 
.61061 
.61601 
.61641 
.61681 

.61721 
.61761 
.61801 
.61812 
.61882 
.61922 
.61962 
.62003 
.62043 
.62083 

.62124 
.62164 
.62204 
.62245 
.62285 
.62325 
.62366 
.62406 
.62446 
.62487 


Cotang 


.66428 
.66318 
.66209 
.66099 
.65990 
.65881 
.65772 
.65663 
.65664 
.66445 
.65387 

.65228 
.65120 
.65011 
.64903 
.64795 
.64687 
.64579 
.64471 
.64363 
.64256 

.64148 
.64041 
.63934 
.63826 
.63719 
12 


292 

.63185 

.63079 
.62972 
.62866 
.62760 
.62654 
.62548 
.62442 
.62336 
.62230 
.62125 

.62019 
.61914 
.61808 
.61703 
.61698 
.61493 
.61388 
.61283 
.61179 
.61074 

,60970 
,60866 
.60761 
,60657 
,60563 
,60449 
,60345 
60241 
60187 
60083 


60 
69 
68 
67 
66 
65 
64 
63 
52 
51 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
86 
84 
33 
32 
31 
30 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


Cotang     Tang 


58< 


[4673 
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32' 


33< 


0. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

12 

13 

14 

15 

16 

17 : 

18: 

19 

20 

21 
22 
23 
24 
25 
26 
27 
2S 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
41 
45 
46 
47 
48 
49 
50 

51 
52 
53 

55 

56 
57 
58 
59 
60 


Tang 

.62487 
.62527 
.62568 
.62tKH 
.62(i49 
.62689 
.62730 
.62770 
.62811 
.62852 
.62892 

.62933 
.62973 
.63014 
.63055 
.6305)5 

.63i;w 

.63177 
.63217 
.6:}258 
.63299 

.63:^0 
.63380 
.6;W21 
.6*462 
.63503 
.63544 
.63584 
.63625 
.63666 
.63707 

-.63748 
.63789 
.63830 
.63871 
.63912 
.63953 
.63994 
.64035 
.(W076 
.64117 

.W158 
.(W199 
.W240 
.64281 
.64322 
.64303 
.64404 
.(J4446 
.(>4487 
.64528 

.64569 
.W610 
.W652 
.64693 
.64734 
.64775 
.64817 
.&4K58 
.64899 
.64941 


Cotanjc  1 1   Tang  |  (Jotang 


1.5JKJ30 
1.59826 
1.5972;^ 
1.59620 
1.59517 
1.59414 
1.59311 
1.59208 
1.59105 
1.59002 

1.58900 
1.58797 
1.58695 
1.58593 
1.58490 
1.58388 
1.58286 
1.58184 
1.58083 
1.57981 

1.57879 
1.57778 
1.57676 
1.57575 
1.57474 
1.57372 
1.57271 
1.67170 
1.57069 
1.56969 

1.56868 
1.56767 
1.56667 
1.56566 
1.5(>466 
1.56366 
1.56265 
1.56165 
1.56065 
1.55966 

1.55866 
1.55766 
1.55606 
1.55567 
1.55467 
1.55368 
1.55269 
1.55170 
1.55071 
1.54972 


1.54873 
1.M774 
1.&4675 
1.54576 
1.54478 
1.54379 
1.54281 
1.54183 
1.54085 
1.5398() 


Cotangj    Tang 


.WWl 
.W982 
.65024 
.65065 
.65106 
.65148 
.65189 
.652:31 
.65272 
.65314 
.65355 

.65397 
.65488 
.65480 
.65521 
.65563 
.650(U 
.&5646 
.65688 
.65729 
.65771 

.65813 
.65854 
.65896 
.65938 
.65980 
.60021 
.600(J3 
.66105 
.66147 
.66189 

.66230 
.6(>27'2 
.66.*J14 
.66356 
.66:398 
.60440 
.66482 
.66524 
.665WJ 
.66608 

.66u)0 

.mm 
.66';':i4 

.66776 
.66818 
.66860 
.66902 
.66944 
.66986 
.67028 

.67071 
.67113 
.67155 
.67197 
.672539 
.67282 
.67.324 
.67;3(J6 
.6740<) 
.67451 


1.53986 
1.53888 
1.53791 
1.53693 
1.53595 
1.5*497 
1.5*400 
1.53302 
1.53205 
1.53107 
1.5:3010 


84< 


35« 


.52913  ! 
.52816  ' 
,52719 


1.52622 
1.52525 
1.52429 
1.52332 
1.52235 
1.52139 
1.52043 

1.51946 

1.51850  I 

1.51754  1 

1.51659 

1.51562'. 

1.51466 

1.51370 

1.51275 

1.51179 

1.51084 

1.50988 
1.50893 
1.50797 
1.50702 
1.50607 
1.50512 
1.50417 
1.50322 
1.50228 
1.50133 


50038 
49944 
49^9 
49755 
49661 
49.566 
1.49472 
1.49378 
1.49284 
1.49190 

1.49097 
1.49003 
1.48909 
1.48810 
1.48722 
1.48029 
1.48536 
1.48442 
1.48;i49 
1. 482.56 


Tang 

.67451 
.67493 
.67586 
.67578 
.67620 
.67663 
.67705 
.67748 
.67790 
.67832 
.67875 

.67917 

.67960 

.6800»«i 

.68045 

.68088 

.68130 

.68173 

.68215 

.68258 

.68301 

.68*43 

.68386 
.6^429 
.6H471 
.68514 
.68557 
.68600 
.68642 
.68(ia5 
.68728 

.68771 
.f»8814 
.68857 
.68900 
.68iM2 
.68985 
.69028 
.69071 
.69114 
.69157 

.69200 
.69243 
.69r286 
.69329 
.69372 
.69416 
.69459 
.69502 
.69545 
.69588 

.69681 
.61H575 
.69718 
.69761 
.69804 
.69847 
.69891 
.699*4 
.69977 
.70021 


Ootang  I 


1.48256 
1.48163 
1.48070 
1.47977 
1.47885 
1.47792 
1.47699 
1.47607 
1.47514 
1.47422 
1.4r330 

1.47238 
1.47146 
1.47053 
1.46962 
1.46870 
1.46778 
1.46686 
1.46595 
1.46503 
1.46411 

1.46320 
1.46229 
1.46137 
1.46016 
45955 
4.5864 
45773 
45682 
45592 
45501 


Cotang     Tang    •  C'otang     Tang    j  Cotang 


1.45410 
1.45320 
1.45229 
1.45139 
1.45049 
1.44958 
1.44868 
1.44778 
1.44688 
1.44598 

1.44508 
1.44418 
1.44329 
1.44239 
1.44149 
1.44060 
1.43970 
1.43881 
1.43792 
1.4*703 

1.43614 
1.48525 
1.43486 
1.4*347 

1.43258 
1.43169 
1.43080 
1.42992 
1.42903 
1.42815 


Tang 

Cotang 

.70021 

1.42815 

.7006^4 

1.42?ai 

.70107 

1.42638 

.70151 

1.42550 

.70194 

1.42462 

.70238 

1.42374 

.70281 

1.42286 

.70325 

1.42198 

.70368 

1 .42110 

.70412 

1.43022 

.70455 

1.419*4 

.70499 
.70542 
.70586 
.70629 
.70678 
.70717 
.70760 
.70804 
.70848 
.70891 

.70935 
.70979 
.71023 
.71066 
.71110 
.711W 
.71198 
.71242 
.71285 
.71329 

.71873 
.71417 
.71461 


.71549 
.71593 
.71687 
.71681 
.71725 
.71769 

.71813 
.71867 
.71901 
.71946 
.71990 
.72034 
.72078 
.72122 
.72167 
.72211 

.72255 
.72299 
.73844 
.72388 
.72482 
.72477 
.72621 
.72666 
.72610 
.72651 


1.41847 
1 .41759 
1.41672 
1.41584 
1.41497 
1.41409 
1.41.^22 
1.41235 
1.41148 
1.41061 

1.40974 
1.40887 
1.40800 
1.40714 
1.40627 
1.40540 
1.40454 
1.40367 
1.40281 
1.40195 


.40109 
.40022 


1.89936 


89650 
897164 


1.39679 


.89593 
.39507 
.89421 
.89836 


1.39250 
1.39165 
1.89079 
1.38994 
1.38909 
1.38824 
1.38738 
1.38653 
1.38568 
1.3^84 

1.88399 
1.38314 

i.38a» 

1.38145 
1.38060 
1.87976 
1.37891 
1.37807 
1.37722 
1.37638 


60 

59 

58 

57 

56 

5V 

54 

53 

52 

51 

.50 

49 

48 

47 

41'. 

4.-) 

44 

4:r 

4:,* 

41 

40 

as 

37 

m 

.35 

a*3 

32 

31 
30 

29 
28 
27 
26 
25 
*M 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
18 
12 
11 
10 

9 

8 

I 

6 
5 
4 
3 
2 
1 
0 


Tang 


56' 


66' 


54'^ 
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36" 


Tang: 


0 
1 
2 
3 
4 
5 
6 

r» 
I 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


.72654 
.T2699 
.72r4a 

.72788 
.72832 
.72877 
.72921 
.72966 
.73010 
.73055 
.73100 

.73144 
.73189 
.73234 
.73278 
.73323 
.73368 
.73413 
.73457 
.73502 
.73547 


21 

.73592 

22 

.73637 

23 

.73681 

24 

.73726 

25 

.73771 

26 

.73816 

27 

.73861 

28 

.73906 

29 

.73051 

30 

.73996 

31 

.74041 

32 

.74086 

33 

.74131. 

34 

.74176 

35 

.74221 

36 

.74267 

37 

.74312 

38 

.74357 

39 

.74102 

40 

.74447 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


.74492 
.74538 
.74583 
.74628 
.74674 
.7471S^ 
.74764 
.74810 
.74855 
.74900 

.74946 
.74991 
.75037 
.75082 
.75128 
.75173 
.75319 
.75264 
.75310 
.75355 

Cotang 


Cotang 


.37638 
.37554 
.37470 
.37386 
.37302 
.3?218 
.37134 
.37050 
.36967 
.368&3 
.36800 

.36716 
.86633 
.36549 
.36466 
.36383 
.36300 
.36217 
.36134 
.36051 
.35968 

.35885 
.35802 
.35719 
.35637 
.35554 
.35472 
.a5389 
.35307 
.35224 
.35142 

.35060 
.34978 
.34896 
.34814 
.34732 
.34650 
.34568 
.34487 
.34405 
.34323 

.34242 
.34160 
.34079 
.33998 
.33916 
.33835 
.33754 
.33673 
.33592 
.33511 

.33430 
.33349 
.33268 
.33187 
.33107 
.33026 
.32946 
.328e)5 
.32785 
.32704 


Tang 


63* 


37°           i! 

Tang 
.75355 

Cotang 

1.32704 

.75401 

1.32624 

.75147 

1.32544 

.75492 

1.32464 

.75538 

1.32384 

.7.5584 

1.32304 

.75029 

1.32224 

.75675 

1.32144 

.75721 

1.32064 

.75767 

1.31984 

.75812 

1.31904 

.75858 

1.31825 

.75904 

1.31745 

.75950 

1.31666 

.75996 

1.31586 

.76042 

1.31507 

.76088 

1.31427 

.76134 

1.31348 

.76180 

1.31269 

.76226 

1.31190 

.76372 

1.31110 

.76318 

1.31031 

.76364 

1.30952 

.76410 

1.30873 

.76456 

1.30795 

.76502 

1.30716 

.76548 

1.30637 

.76594 

1.30558 

.76640 

1.30480 

.76686 

1.30401 

.76733 

1.30823 

.76779 

1.30244 

.76825 

1.30166 

.76871 

1.30087 

.76918 

1.30009 

.76964 

1.29931 

.77010 

1.29853 

.77057 

1.29775 

.77103 

1.29696 

.77149 

1.29618 

.77196 

1.29541 

.77842 

1.29463 

.77289 

1.29385 

.77335 

1.29307 

.77382 

1.29229 

.77428 

1.29152 

.77475 

1.29074 

.77521 

1.28997 

.77568 

1.28919 

.77615 

1.28842 

.77661 

1.28764 

.77708 

1.28687 

.77754 

1.28610 

.77801 

1.28533 

.77848 

1.28466 

.77895 

1.281^79 

.77941 

1.28302 

.77988 

1.28225 

.78035 

1.28148 

.78082 

1.28071 

.78129 
Cotang 

1.27994 

Tang 

5 

2° 

38« 


Tang 

.78129' 

.78175 

.78222 

.78269 

.78316 

.7836:5 

.78410 

.78457 

.7a504 

.78551 

.78598 

.786^' 

.78692 

.78739 

.78786 

.78834 

.78881 

.78928 

.78975 

.79022 

.7907lH^; 

.79117 
.79164 
.79212 
.79259 
.79806 
.79354 
.79401 
.79449 
.79496 
.79544 

.79591 
.79639 
.79686 
.79734 
.79781 
.79829 
.79877 
.79924 
.79972 
.80020 

.80067 
.80115 
.80163 
.80211 
.80258 
.80306 
.80354 
.80402 
.80450 
.80498 

.80546 
.80594 
.80642 
.80690 
.80738 
.80786 
.80834 
.•80882 
.80i>30 
.80978 


Cotang 


.27994 
.27917 
.27841 
.27764 
.27688 
.27611 
.27535 
.27458 
.27382 
.27306 
.27230 

.27153 
.27077 
.27001 
.26925 
.26849 
.26774 
.26698 
.26622 
.26546 
.26471 

.26395 
.26319 
.26244 
.26169 
.26093 
.26018 
.25943 
.25867 
.25792 
.25717 

.25642 

.25667 
.25492 
.25417 
.25843 
.25268 
.25193 
.25118 
.25044 
.24969 

.^95 
.24820 
.24746 
.24672 
.24597 
.24523 
.24449 
.24375 
.24301 
.24227 

.24158 
.24079 
.24005 
.23931 
.23858 
.23784 
.2;i710 
.23637 
.23563 
.23490 


Cotang  Tang 


1           39°           1 

Tang 

.80978 

Cotang 

1.23490 

.81027 

1.23416 

.81075 

1.23343 

.81123 

1.23270 

.81171 

1.23196 

.81220 

1.23123 

.81268 

1.23050 

.81316 

1.22977 

.81364 

1.22904 

.81413 

1.22&31 

.81461 

1.22768 

.81510 

1.22685 

.81558 

1.22612 

.81606 

1.22539 

.81655 

1.22467 

.81703 

1.22394 

.81752 

1.22321 

.81800 

1.22249 

.81849 

1.22176 

.81898 

1.22104 

.81946 

1.22031 

.81995 

1.21959 

.Sim4r^ 

1.21886 

.82092 

1.21814 

.82141 

1.21742 

.82190 

1.21670 

.82238 

1.21598 

.82287 

1.21526 

.82336 

1.21454 

.82385 

1.21382 

.82434 

1.21310 

.82483 

1.21238 

.82531 

1.21166 

.82580 

1.21094 

.82629 

1.21023 

.8267^8 

1.20951 

.82727 

1.20879 

.82776 

1.20808 

.82825 

1.20736 

.82874 

1.20665 

.82923 

1.20593 

.88972 

1.20522 

.83022 

1.20451 

.83071 

1.20379 

.83120 

1.20308 

.83169 

1.20237 

.83218 

1.20166 

.88268 

1.20095 

.83317 

1.20024 

.83366 

1.19953 

.83415 

1.19882 

.83465 

1.19811 

.83514 

1.19740 

.83564 

1.19669 

.83613 

1.19599 

.83662 

1.19528 

.83712 

1.19467 

.83761 

1.19387 

.83811 

1.19316 

.8:5860 

1.19246 

.83910 
Cotang 

1.19175 

Tang 

5 

0° 

60 
59 
58 
57 
66 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
81 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
S 
2 
1 
0 
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40«           1 

Tang 

.8:^910 

Cotang 

0 

1.19175 

1 

.83960 

1.19105 

2 

.84009 

1.19085 

3 

.84059 

1.18964 

4 

.84108 

1.18894 

5 

.84158 

1.18824 

6 

.84208 

1.18754 

7 

.84258 

1.18684 

8 

.84307 

1.18614 

9 

.84357 

1.18544 

10 

.84407 

1.18474 

11 

.84457 

1.18404 

12 

.84507 

1.18334 

13 

.84556 

1.18964 

14 

.84606 

1.18194 

15 

.84656 

1.18125 

16 

.84706 

1.18055 

17 

.84756 

1.17986 

18 

.84806 

1.17916 

19 

.84866 

1.17846 

30 

.&4906 

1.17777 

21 

.84956 

1.17708 

22 

.85006 

1.17638 

23 

.85057 

1.17569 

24 

.85107 

1.17500 

25 

.85157 

1.17430 

26 

.85207 

1.17861 

27 

.85257 

1.17292 

28 

.85308 

1.17223 

29 

.85a58 

1.17154 

30 

.85408 

1.17086 

31 

.85458 

1.17016 

32 

.85609 

1.16947 

33 

.85559 

1.16878 

34 

.85609 

1.16809 

85 

.a5«60 

1.16741 

36 

.85710 

1.16672 

37 

.85761 

1.16603 

38 

.85811 

1.16535 

39 

.»5862 

1.16466 

40 

.85912 

1.16396 

41 

.a'>963 

1.16329 

42 

.86014 

1.16261 

43 

.86064 

1.16192 

44 

.86115 

1.16124 

45 

.86166 

1.16056 

46 

.86216 

1.15987 

47 

.86267 

1.15919 

48 

.86318 

1.15a51 

49 

.86368 

1.15783 

50 

.86419 

1.15715 

51 

.86470 

1.15647 

52 

.86521 

1.15579 

63 

.86572 

1.15511 

54 

.86023 

1.15443 

55 

.86674 

1.15375 

56 

.86725 

1.15308 

57 

.86776 

1.15240 

58 

.86827 

1.15172 

59 

.86878 

1.15104 

60 

.86929 
Cotang 

1.15037 

t 

Tang 

4 

9- 

41«           1 

Tang 

.86929' 

Cotang 

1.15087 

.86960 

1.14969 

.87031 

1.14902 

.87082 

1.14834 

.87138 

1.14767 

.87184 

1.14699 

.87286 

1.14632 

.87287 

1.14565 

.87338 

1.14496 

.87389 

1.14430 

.87441 

1.14363 

.87492 

1.14296 

.87548 

1.14229 

.87505 

1.14162 

.87646 

1.14095 

.87698 

1.14028 

.87749 

1.18961 

.87801 

1.18894 

.67862 

1.18828 

.87904 

1.18761 

.87956 

1.18694 

.88007 

1.13627 

.88059 

1.13561 

.88110 

1.13494 

.88162 

1.13428 

.88214 

1.18361 

.88265 

1.18295 

.88317 

1.13223 

.88369 

1.13162 

.88421 

1.13096 

.88478 

1.18029 

.88624 

1.12963 

.88576 

1.12897 

.88628 

1.12831 

.88680 

1.12766 

.88732 

1.12699 

.88784 

1.12683 

.88836 

1.12567 

.88888 

1.12501 

.88940 

1.12435 

.88992 

1.12369 

.89046 

1.12808 

.89097 

1.12288 

.89149 

1.12172 

.89201 

1.12106 

.89253 

1.12041 

.89306 

1.11975 

.89358 

1.11909 

.89410 

1.11844 

.89463 

1  11778 

.89516 

1.11713 

.89567 

1.11648* 

.89620 

1.11582 

.89672 

1.11517 

.89725 

1.11462 

.897rr 

1.11387 

.89830 

1.11321 

.89883 

1.11256 

.89935 

1.11191 

.89988 

1.11126 

.90040 

1.11061 

Cotang 

Tang 

4 

8- 

42« 


^ang 

.90040 
.90093 
.90146 
.90199 
.90251 
.90304 
.90357 
.90410 
.90463 
.90516 
.90669 

.90621 
.90674 
.90727 
.90781 
.90634 
.90687 
.90940 
.90993 
.91046 
.91099 

.91163 
.91206 
.91269 
.91313 
.91866 
.91419 
.91478 
.91626 
.91680 
.91688 

.91687 
.91740 
.91794 
.91847 
.91901 
.91966 
.92008 
.92062 
.92116 
.92170 

.92224 
.92277 
.92831 
.92385 
.92439 
.92493 
.92547 
.92601 
.92656 
.92709 

.92763 
.92817 
.92873 
.92926 
.92980 
.93034 
.93088 
.93143 
.93197 
^3252^ 

Cotang 


Cotang 

1.11061 
1.10996 
1.10981 
1.10867 
1.10602 
1.10737 
1.10672 
1.10607 
1.10548 
1.10478 
1.10414 

1.10849 
1.10285 
1.10220 
1.10156 
1.10091 
1.10027 
1.09963 
1.09899 
1.09^ 
1.09770 

1.09706 
1.09642 
1.09578 


09514 
09450 


1.09386 


.09322 
.09258 
.09195 
.09131 


1.09067 
1.09008 
1.08940 
1.06676 
1.06618 
1.06749 


1.06686 


.06622 
.06559 
.06496 


.06432 
.06869 
.06806 
.06248 
.06179 
.06116 
.06063 
1.07990 
1.07927 
1.07864 

1.07801 
1.07786 
1.07678 
1.07613 
1.07550 
1.07487 
1.07425 
1.07362 
1.07299 
1.07237 

Tang 


48« 


Tang  I  Cotang 


47* 


.98252 
.93906 
.93860 
.93415 
.98469 
.93524 
.93578 
.93688 
.93688 
.98742 
.98797 

.96868 
.98906 
.93961 
.94016 
.94071 
.94125 
.94180 
.94286 
.94290 
.94846 

.94400 
.94465 
.04510 
.04665 
.04620 
.04076 
.94781 
.94786 
.94841 
.94806 

.94952 
.9S007 
.95062 
.95118 
.95173 
.95229 
.95284 
.95340 
.95895 
.95461 

.95506 
.95662 
.95616 
.95678 
.957^29 
.95785 
.95841 
.95897 
.95962 
.96006 

.96064 
.96120 
.96176 
.96282 
.96286 
.96844 
.96400 
.96457 
.96513 
.96669 

Cotang 


.07287 
.07174 
.07112 
.07049 
.06967 
.06925 
.06662 
.06800 
.06788 
.06676 
.06613 

.06551 
.06489 
.06427 
.06865 
.06803 
.06241 
.06179 
.06117 
.06056 
.05994 

.05932 
.05870 
.05809 
.05747 
.05685 
.06624 
.05562 
.05501 
.05439 
.05378 

.05317 
.te255 
.05194 
.05133 
.05072 
.05010 
.04949 
.04888 
.04827 
.04766 

.04706 
.04644 
.04588 
.04522 
.04461 
.04401 
.04840 
.04279 
.04218 
.04158 

.04007 
.04036 
.03976 
.03915 
.08665 
.08794 
.09784 
.08674 
.03613 
.09558 

Tang 


46' 
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TABLE  XXVin.-NATURAL  TANGENTS  AND  COTANaENTS. 


/ 

44» 

0 

/ 

44» 

/ 

f 

440 

f 

Tang 

Ck>tang 

60 

20 

Tang 

Cotang 

40 

40 

Tang 
.98843 

Cotang 

0 

.96569 

1.08558 

.97700 

1.02855 

1.01170 

20 

1 

.966S5 

1.08493 

59 

21 

.97756 

1.02295 

39 

41 

.98901 

1.01112 

19 

2 

.96681 

1.03433 

58 

22 

.97813 

1.02236 

38 

42 

.98958 

1.01058 

18 

3 

.96738 

1.08372 

57 

28 

.97870 

1.02176 

37 

43 

.99016 

1.00994 

17 

4 

.96794 

1.03312 

56 

24 

.97927 

1.02117 

86 

44 

.99073 

1.00935 

16 

6 

.96850 

1.06252 

55 

25 

.97984 

1.02057 

&5 

45 

.99131 

1.00876 

15 

6 

.96907 

1.03192 

54 

26 

.98041 

1.01998 

34 

46 

.99189 

1.110818 

14 

7 

.96963 

1.03182 

53 

27 

.98098 

1.01939 

83 

47 

.99247 

1.00759 

13 

8 

.97030 

1.03072 

52 

28 

.96155 

1.01879 

32 

48 

.99304 

1.00701 

12 

9 

.97076 

1.08012 

51 

29 

.98213 

1.01820 

31 

49 

.99362 

1.00642 

11 

10 

.97188 

1.02952 

50 

80 

.98270 

1.01761 

30 

50 

.99420 

1.00583 

10 

tl 

.97189 

1.02892 

49 

31 

.98327 

1.01702 

29 

51 

.99478 

1.00525 

9 

18 

.97246 

1.02832 

48 

32 

.98384 

1.01642 

28 

52 

.99536 

1.00467 

8 

13 

.97302 

1.02T72 

47 

33 

.98441 

1.01583 

27 

53 

.99594 

1.00408 

7 

14 

.97359 

1.02713 

46 

34 

.98499 

1.01524 

26 

54 

.99652 

1.00350 

6 

15 

.97416 

1.0265S 

45 

35 

.98556 

1.01465 

25 

55 

.99710 

1.00291 

5 

16 

.97472 

1.02593 

44 

36 

.98613 

1.01406 

24 

56 

.99768 

1.00833 

4 

17 

.97529 

1.02533 

43 

87 

.98671 

1.01347 

23 

57 

.99826 

1.00175 

3 

18 

.97586 

1.02474 

42 

38 

.98728 

1.01288 

22 

58 

.9i70o4 

1.00116 

2 

19 

.97643 

1.02414 

41 

39 

.98786 

1.01229 

21 

59 

.99942 

1.00058 

1 

20 

.97700 

1.02355 

40 

40 

t 

.98848 

1.01170 

20 

60 

1.00000 

1.00000 

0 

/ 

CJotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

/ 

460 

450 

46» 
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TABLE  XXIX. -NATURAL  VERSED  SINES  AND   EXTERNAL  SECANTS. 


t 

0 

o 

V 

2° 

SO 

Vers. 

Ex.  sec. 

Vers. 

Kx.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

0 

.00000 

.00000 

.00015 

.00015 

.00061 

.00061 

.00137 

.00137 

1 

.00000 

.000(X) 

.00016 

.00016 

.00062 

.00062 

.00139 

00139 

2 

.00000 

.00000 

.00016 

.00016 

.00063 

.00063 

.00140 

.00140 

3 

.00000 

.00000 

.00017 

.00017 

.00064 

.OOOW 

.00148 

.00142 

4 

.00000 

.00000 

.00017 

.00017 

.00065 

.00065 

.00148 

.00143 

5 

.00000 

.00000 

.00018 

.00018 

.00066 

.00066 

.00145 

.00145 

6 

.00000 

.00000 

.00018 

.00018 

.00067 

.00067 

.00146 

.00147 

7 

.00000 

.00000 

.00019 

.00019 

.00068 

.00068 

.00148 

.00148 

8 

.00000 

.00000 

.00020 

.00020 

.00069 

.00069 

.00150 

.00150 

9 

.00000 

.00000 

.00020 

.00020 

.00070 

.00070 

.00151 

.00151 

10 

.00000 

.00000 

.00021 

.00021 

.00071 

.00072 

.00153 

.00153 

11 

.00001 

.00001 

.00021 

.00021 

.00073 

.00073 

.00154 

.00155 

13 

.00001 

.00001 

.00022 

.00022 

.00074 

.00074 

.00156 

.00156 

13 

.00001 

.00001 

.0002;j 

.00023 

.00075 

.00075 

.00158 

.00158 

14 

.00001 

.00001 

.00023 

.00023 

.00076 

.00076 

.00159 

.00159 

15 

.00001 

.00001 

.00024 

.00024 

.00077 

.00077 

.00161 

.00161 

16 

.00001 

.00001 

.00024 

.00024 

.00078 

.00078 

.00162 

.00163 

17 

.00001 

.00001 

.00025 

.00025 

.00079 

.00079 

.00164 

.00164 

18 

.00001 

.00001 

.00026 

.00026 

.00081 

.00081 

.00166 

.00166 

19 

.00002 

.00002 

.00026 

.00026 

.00082 

.00082 

.00168 

.00108 

20 

.00002 

.00002 

.00027 

.00027 

.00063 

.00083 

.00169 

.00169 

21 

.00002 

.00002 

.00028 

.00028 

.00084 

.00084 

.00171 

.00171 

22 

.00002 

.00002 

.00028 

.00028 

.00085 

.00085 

.00173 

.00173 

23 

.00002 

.00002 

.00029 

.00029 

.00087 

.00087 

.00174 

.00175 

24 

.00002 

.00002 

.00030 

.ooaso 

.00088 

.00088 

.00176 

.00176 

25 

.00003 

.000ft3 

.00031 

.00031 

.00089 

.00089 

.00178 

.00178 

26 

.00003 

.00003 

.000:51 

.OOftSl 

.00090 

.00090 

.00179 

.00180 

27 

.00003 

.00003 

.00032 

.00032 

.00091 

.00091 

.00181 

.00182 

28 

.00003 

.00003 

.00033 

.00033 

.00093 

.00093 

.00188 

.00183 

29 

.00004 

.00004 

.00034 

.00034 

.00094 

.00094 

.00185 

.00185 

30 

.00004 

.00004 

.00034 

.00034 

.00095 

.00095. 

.00187 

.00187 

31 

.00004 

.00004 

.00035 

.000.35 

.00090 

.00097 

.00188 

.00189 

32 

.00004 

.00004 

.00036 

.ooaso 

.00098 

.00098 

.00190 

.00190 

33 

.00005 

.00005 

.oomr 

.00037 

.00099 

.00099 

.00192 

.00192 

34 

.00005 

.00005 

.ooa37 

.00037 

.00100 

.00100 

.00194 

.00194 

35 

.00005 

.00005 

.00038 

.00038 

.00102 

.00102 

.00196 

.00196 

36 

.00005 

.00005 

.00039 

.ooaso 

.00103 

.00103 

.00197 

.00198 

37 

.00006 

.00006 

.00040 

.00040 

.00104 

.00104 

.00199 

.00200 

38 

.00006 

.00006 

.00041 

.00041 

.00106 

.00106 

.00201 

.00201 

39 

.00006 

.00006 

.00041 

.00041 

.00107 

.00107 

.00203 

.00203 

40 

.00007 

.00007 

.00042 

.00042 

.00108 

.00108 

.00205 

.00205 

41- 

.00007 

.00007 

.00043 

.00043 

.00110 

.00110 

.00207 

.00207 

42 

.00007 

.00007 

.00044 

.00044 

.00111 

.00111 

.00208 

.00209 

43 

.00008 

.00008 

.00045 

.00045 

.00112 

.00113 

.00210 

.00211 

44 

.00008 

.00008 

.00046 

.00046 

.00114 

.00114 

.00212 

.00213 

45 

.00009 

.00009 

.00047 

.00047 

.00115 

.00115 

.00214 

.00215 

46 

.00009 

.00009 

.00048 

.00048 

.00117 

.00117 

.00216 

.00216 

47 

.00009 

.00009 

.00048 

.00048 

.00118 

.00118 

.00218 

.00218 

48 

.00010 

.00010 

.00049 

.00049 

.00119 

.00190 

.00220 

.00220 

49 

.00010 

.00010 

.00050 

.00050 

.00121 

.00121 

.00222 

.00222 

50 

.00011 

.00011 

.00051 

.00051 

.00122 

.00122 

.00224 

.002^ 

51 

.00011 

.00011 

.00052 

.00052 

.00124 

.00124 

.00226 

.00226 

52 

.00011 

.00011 

.00053 

.00053 

.00125 

.00125 

.00228 

.00228 

53 

.00012 

.00012 

.00054 

.00054 

.00127 

.00127 

.00280 

.00230 

54 

.00012 

.00012 

.00055 

.00055 

.00128 

.00128 

.00232 

.00232 

55 

.00013 

.00013 

.00056 

.00056 

.00130 

.00180 

.00234 

.00234 

50 

.00013 

.00013 

.00057 

.00057 

.00131 

.00131 

.00236 

.00236 

57 

.00014 

.00014 

.00058 

.00058 

.00133 

.00133 

.00238 

.00238 

56 

.00014 

.00014 

.00a59 

.00059 

.00134 

.00134 

.00240 

.00240 

59 

.00015 

.0(X)15 

.00060 

.0(KK')0 

.00136 

.00136 

.00242 

.00212 

"-0 

.00015 

.00015 

.00001 

.00061 

.00137 

.00137 

.00244 

.00244 
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fA.BLE  XXIX-NATUBAL  VERSED  SINES   AND  EXTERNAL  SECANTS 


f 

4 

.o 

6 

* 

Vers. 

Ex.  sec. 

Vers. 

.00381 

Ex.  sec. 

0 

.00344 

.00244 

.00882 

1 

.00216 

.00246 

.00383 

.00885 

2 

.00348 

.00248 

.00386 

.00887 

3 

.00250 

.00250 

.oas88 

.00390 

4 

.00253 

.00253 

.00891 

.00892 

6 

.00254 

.00254 

.00393 

.00895 

6 

.00256 

.00357 

.00396 

.00397 

7 

.00258 

.00359 

.00398 

.00400 

8 

.00260 

.00861 

.00401 

.00403 

9 

.00262 

.00363 

.00104 

.00405 

10 

.00264 

.00265 

.00406 

.00408 

11 

.00266 

.00267 

.00409 

.00411 

13 

.00269 

.00269 

.00413 

.00418 

13 

.00271 

.00271 

.ofku 

.00416 

14 

.00273 

.00274 

.00417 

.00419 

15 

.00275 

.00276 

.00420 

.00421 

16 

.00277 

.00378 

.00422 

.00434 

17 

.00279 

.00280 

.00125 

.00427 

18 

.00281 

.00382 

.00138 

.00429 

19 

.00284 

.00284 

.00130 

.00433 

ao 

.00286 

.00387 

.00433 

.00135 

21 

.00288 

.00289 

.00436 

.00438 

22 

.00290 

.00291 

.00438 

.00440 

23 

.00293 

.00293 

.00441 

.00443 

24 

.00295 

.00396 

.00444 

.00446 

25 

.00297 

.00298 

.00447 

.00149 

26 

.00299 

.00300 

.00449 

.00451 

27 

.00301 

.00302 

.00452 

.00454 

28 

.00304 

.00305 

.00155 

.00457 

29 

.00306 

.00307 

.00458 

.00460 

dO 

.00306 

.00309 

.00460 

.00163 

31 

.00311 

.00312 

.00463 

.00465 

32 

.00313 

.00814 

.00466 

.00468 

33 

.00315 

.00316 

.00469 

.00471 

34 

.00317 

.00818 

.00172 

.00474 

a5 

.00320 

.00321 

.00474 

.00477 

36 

.00322 

.00323 

.00477 

.00480 

37 

.00324 

.00326 

.00480 

.00482 

38 

.00327 

.00328 

.00483 

.00485 

39 

.00329 

.00330 

.00486 

.00488 

40 

.00332 

.00333 

.00489 

.00491 

41 

.00334 

.00335 

.00192 

.00494 

42 

.00336 

.00387 

.00494 

.00497 

43 

.00339 

.00340 

.00497 

.00500 

44 

.00341 

.00842 

.00500 

.00503 

45 

.00343 

.00345 

.00503 

.00506 

46 

.00346 

.00347 

.00506 

.00509 

47 

.00348 

.00350 

.00509 

.00512 

48 

.00351 

.00353 

.00512 

.0d515 

49 

.00353 

.00354 

.00515 

.00518 

50 

.00356 

.00357 

.00518 

.00521 

51 

.00358 

.00359 

.00521 

.00524 

52 

.00361 

.00362 

.00534 

.00527 

53 

.00363 

.00364 

.00527 

.00530 

54 

.00365 

.00367 

.00530 

.00533 

55 

.00368 

.0a369 

.00533 

.00536 

56 

.00870 

.00372 

.00536 

.00539 

57 

.00378 

.00374 

.00539 

.00542 

58 

.00375 

.00377 

.00512 

.00545 

59 

.00378 

.00379 

.00545 

.00548 

60 

.00381 

.00382 

.00548 

.00551 

e« 


Vers. 


Ex.  sec. 


.00548 
.00551 
.00554 
.00557 
.00560 
.00563 
.00566 
.00569 
.00572 
.00576 
.00579 

.00582 
.00585 
.00588 
.00591 
.00594 
.00598 
.00601 
.00604 
.00607 
.00610 

.00614 
.00617 
.00620 
.00623 
.00626 
.00630 
.00633 
.00636 
.00640 
.00648 

.00646 
.00649 
.00658 
.00656 
.00669 
.00668 
.00666 
.00669 
.00678 
.00676 

.00680 
.00688 
.00686 
.00690 
.00698 
.00697 
.00700 
.00703 
.00707 
.00710 

.00714 
.00717 
.00721 
.00734 
.00738 
.00731 
,007a5 
.00738 
. 00742 
.00745 


.00551 
.00554 
.00657 
.00560 
.00663 
.00566 
.00569 
.00573 
.00576 
.00579 
.00582 

.00585 
.00588 
.00592 
.00595 
.00598 
.00601 
.00604 
.00608 
.00611 
.00614 

.00617 
.00621 
.00624 
.00627 
.00630 
.00634 
.00637 
.00640 
.00644 
.00647 

.00650 
.00654 
.00657 
.00660 
.00664 
.00667 
.00671 
.00674 
.00677 
.00681 

.00684 
.00688 
.00691 
.00695 
.00698 
.00701 
.00705 
.00708 
.00712 
.00715 

.00719 
.00722 
.00726 
.00730 
.00733 
.00737 
.00740 
.00744 
.00747 
.00751 


7 

o 

/ 

Vers. 

Ex.  sec. 

.00745 

.00751 

0 

.00749 

.00755 

1 

.00752 

.00758 

2 

.00756 

.00762 

3 

.00760 

.00765 

4 

.00763 

.00769 

5 

.00767 

.00773 

6 

.00770 

.00776 

7 

.00774 

.00780 

8 

.00778 

.00784 

9 

,00781 

.00787 

10 

.00785 

.00791 

11 

.00789 

.00795 

12 

.00792 

.00799 

13 

.00796 

.00802 

14 

.00800 

.00806 

15 

.00803 

.00810 

16 

.00807 

.00813 

17 

.00811 

.00817 

18 

.00814 

.00821 

19 

.00818 

.00825 

20 

.00822 

.00838 

21 

.00825 

.00832 

22 

.00829 

.00836 

23 

.00833 

.00840 

24 

.00837 

.00844 

25 

.00840 

.00848 

26 

.00644 

.00851 

27 

.00848 

.00855 

28 

.00853 

.00859 

29 

.00856 

.00863 

30 

.00859 

.00867 

81 

.00863 

.00871 

32 

.00867 

.00875 

33 

.00871 

.00878 

34 

.00875 

.00882 

85 

.00878 

.00886 

86 

.00883 

.00890 

87 

.00886 

.00894 

88 

.00890 

.00898 

39 

.00894 

.00902 

40 

.00898 

.00906 

41 

.00902 

.00910 

42 

.00906 

.00914 

43 

.00909 

.00918 

44 

.00918 

.00922 

45 

.00917 

.00926 

46 

.00921 

.00930 

47 

.00925 

.00934 

48 

.00929 

.00938 

49 

.00988 

.00942 

50 

.00937 

.00946 

51 

.00941 

.00950 

52 

.00945 

.00954 

53 

.00949 

.00958 

54 

.00953 

.00962 

55 

.00957 

.00966 

56 

.00961 

.00970 

57 

.00965 

.00975 

58 

.00969 

.00979 

f- 

.00973 

.00983 
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8 

o 

9 

• 

10« 

11 

0 

/ 
0 

1 

Vers. 

Ex.  sec. 

Vera 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

E:x.8ec. 

.00973 

.00983 

.01231 

.01247 

.01519 

.01648 

.01887 

.01873 

.00977 

.00967 

.01286 

.01251 

.01524 

.01648 

.01848 

.01877 

1 

.00961 

.00991 

.01240 

.01266 

.01529 

.01563 

.01848 

.01888 

2 

.00985 

.00995 

.01245 

.01261 

.01584 

.01668 

.01864 

.01889 

8 

.00989 

.00999 

.01249 

.01265 

.01540 

.01664 

.01860 

.01896 

4 

.00994 

.01004 

.01254 

.01270 

.01645 

.01669 

.01866 

.01901 

6 

1 

.00998 

.01006 

.01259 

.01275 

.01560 

.01574 

.01871 

.01906 

6 

.01002 

.01012 

.01263 

.01279 

.01556 

.01679 

.01876 

.01912 

7 

.01006 

.01016 

.01268 

.01284 

.01560 

.01586 

.01882 

.01918 

8 

'< 

.01010 

.01020 

.01272 

.01289 

.01566 

.01690 

.01888 

.01924 

9 

1 

.01014 

.01024 

.01277 

.01294 

.01670 

.01696 

.01893 

.01980 

10 

.01018 

.01029 

.01282 

.01296 

.01575 

.01601 

.01899 

.01986 

11 

.01022 

.01033 

.01286 

.01808 

.01580 

.01606 

.01904 

.01941 

12 

.01027 

.01087 

.01291 

.01806 

.01586 

.01611 

.01910 

.01947 

18 

.01031 

.01011 

.01296 

.01318 

.01591 

.01616 

.01916 

.01998 

14 

.01035 

.01046 

.01300 

.01318 

.01696 

.01622 

.01921 

.019^ 

16 

.01039 

.01050 

.01305 

.01822 

.01601 

.01627 

.01927 

.01966 

16 

.01043 

.01054 

.01310 

.01827 

.01606 

.01688 

.01983 

.619n 

17 

.01047 

.01059 

.01314 

.01882 

.01612 

.01688 

.01989 

.01977 

18 

.01052 

.01063 

.01319 

.01887 

.01617 

.01648 

.01944 

.01968 

19 

.01056 

.01067 

.01324 

.01842 

.01622 

.01649 

.01950 

.01969 

ao 

.01060 

.01071 

.01829 

.01846 

.01627 

.01664 

.01916 

.01995 

21 

.01064 

.01076 

.01383 

.01851 

.01682 

.01660 

.01^1 

.02001 

S2 

.01069 

.01080 

.01888 

.01856 

.01638 

.01666 

.01967 

.02007 

28 

.01073 

.01084 

.01348 

.01861 

.01643 

.01670 

.01973 

.02018 

24 

.01077 

.01089 

.01348 

.01866 

.01648 

.01676 

.01979. 

.02019 

26 

.01081 

.01093 

.01352 

.01871 

.01663 

.01681 

.01984 

.02025 

26 

.01086 

.01097 

.01357 

.01876 

.01669 

.01687 

.01990 

.02081 

27 

.01090 

.01102 

.01362 

.01381 

.01664 

.01692 

.01996 

.02087 

28 

.01094 

.01106 

.01367 

.01886 

.01669 

.01698 

.02002 

.02048 

29 

.01098 

.01111 

.01871 

.01891 

.01676 

.01708 

.02006 

.02049 

80 

.01103 

.01115 

.01376 

.01895 

.01680 

.01709 

.02018 

.02055 

81 

.01107 

.01119 

.01881 

.01400 

.01686 

.01714 

.02019 

.02061 

82 

.01111 

.01124 

.01886 

.01405 

.01690 

.01720 

.02035 

.02067 

88 

.01116 

.01128 

.01391 

.01410 

.01696 

.01726 

.02031 

.02078 

84 

.01120 

.01133 

.01396 

.01415 

.01701 

.01781 

.02087 

.02079 

85 

.01124 

.01137 

.01400 

.01420 

.01706 

.01786 

.02042 

.02066 

86 

.01129 

.01142 

.01406 

.01425 

.01712 

.01742 

.02048 

.02091 

87 

.01133 

.01146 

.01410 

.01430 

.01717 

.01747 

.02064 

.02097 

88 

.01137 

.01151 

.01415 

.01436 

.01728 

.01768 

.02060 

.02108 

89 

.01142 

.01155 

.01420 

.01440 

.01728 

.01768 

.02060 

.02110 

40 

.01146 

.01160 

.01425 

.01445 

.01783 

.01764 

.02072 

.02116 

41 

.01151 

.01164 

.01480 

.01450 

.01789 

.01769 

.00078 

.02122 

42 

.01155 

.01169 

.01485 

.01455 

,01744 

.01775 

.02064 

.osass 

48 

.01159 

.01178 

.01489 

.01461 

.01750 

.  .01781 

.02000 

.02184 

44 

.01164 

.01178 

.01444 

.01466 

.01755 

.01786 

.02096 

.02140 

46 

.01168 

.01182 

.01449 

.01471 

.01760 

.01792 

.02101 

.02146 

46 

.01173 

.01187 

.01454 

•01476 

.01766 

.01798 

.02107 

.02158 

47 

.01177 

.01191 

.01459 

.01481 

.01771 

.01806 

.02118 

.02169 

48 

.01182 

.01196 

.01464 

.01486 

.01777 

.01809 

.02119 

.02165 

49 

.01186 

.01200 

.01469 

.01491 

.01782 

.01815 

.02125 

.02171 

60 

1  .01191 

.01206 

.01474 

.01496 

.01788 

.01820 

.02181 

.02178 

61 

.01195 

.01209 

.01479 

.01601 

.01798 

.01826 

.02187 

.02184 

52 

.01200 

.01214 

.01484 

.01506 

.01799 

.01882 

.02148 

.02190 

53 

.01204 

.01219 

.01489 

.01512 

.01804 

.01887 

.02149 

.02196 

54 

.01209 

.01223 

.01494 

.01517 

.01810 

.01848 

.02166 

.02208 

55 

.01213 

.01228 

.01499 

.01522 

.01816 

.01849 

.02161 

.ixma 

56 

.01218 

.01233 

.01504 

.01527 

.01821 

.01864 

.02167 

.02215 

67 

.01222 

.01237 

.01509 

.01532 

.01826 

.01860 

.02178 

.02221 

68 

.01227 

.01242 

.01514 

.01537 

.01832 

.01^ 

.02179 

.02228 

59 

.01231 

.01247 

.01519 

.01543 

.01837 

.01872 

.02186 

.02284 

60 
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1 

/ 

12« 

Vers. 

Ex.  sec. 

^  0 

.02185 

.02234 

1 

.02191 

.02240 

2 

.02197 

.02247 

3 

.02203 

.02253 

4 

.(mio 

.02259 

5 

.03S216 

.02266 

6 

.09222 

.02272 

7 

.02228 

.02279 

6 

.02234 

.02285 

9 

.02240 

.02291 

10 

.02246 

.02298 

11 

.02262 

.02304 

12 

.02258 

.02311 

18 

.02265 

.02317 

14 

.oaaTi 

.02323 

15 

.02277 

.02330 

16 

.02288 

.02336 

17 

.02289 

.0234^ 

18 

.02295 

.02349 

19 

.02802 

.02856 

20 

.02806 

.02862 

21 

.02814 

.02369 

22 

.02820 

.02375 

23 

.02827 

.02382 

24 

.02883 

.02388 

25 

.02889 

.02395 

26 

i«2346 

.02402 

27 

.02352 

.02406 

28 

.02358 

.02415 

29 

.02364 

.02421 

80 

.02870 

.02428 

81 

.02877 

.02436 

82 

.02383 

.02441 

83 

.02389 

.02448 

84 

.02396 

.02454 

85 

.02402 

.02461 

86 

.02408 

.02468 

87 

.02415 

.02474 

88 

.02421 

.02481 

89 

.02427 

.02488 

40 

.02434 

.02494 

41 

.02440 

.02601 

42 

.08447 

.02508 

43 

.02453 

.02515 

44 

.02459 

.02521 

45 

.02466 

.02528 

46 

.02472 

.02535 

47 

.02479 

.02542 

48 

.02485 

.02548 

49 

.02492 

.02555 

60 

.02498 

.02562 

61 

.02604 

.02569 

62 

.02511 

.02576 

53 

.02517 

.02582 

54 

.02584 

.02589 

56 

.02580 

.02596 

66 

.03587 

.02603 

57 

.02648 

.02610 

68 

.02660 

.02617 

69 

.02666 

.02624 

60 

.02563 

.02680 

18< 


Vers. 


Ex.  sec. 


.02663 
.02570 
.02576 
.02583 
.02589 
.02596 
.02602 
.02609 
.02616 
.02622 
.02629 

.02635 
.02642 
.02649 
.02655 
.02662 
.02669 
.02675 
.02682 
.02689 
.02696 

.02702 
.02709 
.02716 

.02729 
.02736 
.02743 
.02749 
.02756 
.02768 

.02770 
.02777 
.02783 
.02790 
.02797 
.02804 
.02811 
.02818 
.02824 
.02881 

.02888 
.02845 
.02852 
.02859 
.02866 
.02873 
.02880 
.02887 
.02894 
.02900 

.02907 
.02914 
.02921 
.02928 
.02985 
.02942 
.02949 
.02956 
.02963 
.02970 


.02630 
.02687 
.02644 
.02651 
.02658 
.02665 
.02672 
.02679 
.02686 
.02693 
.02700 

.02707 
.02714 
.02721 
.02^8 
.02785 
.02742 
.02749 
.02756 
.02763 
.02770 

.02777 
.02784 
.02791 
.02799 
.02806 
.02813 
.02820 
.02827 
.02834 
.02842 

.02849 
.02856 
.02863 
.02870 
.02878 
.02885 
.02892 
.02899 
.02907 
.02914 

.02921 
.02928 
.02936 
.02948 
.02950 
.02958 
.02965 
.02972 
.02980 
.02987 

.02994 
.03002 
.08009 
.03017 
.03024 
.09082 
.03039 
.03046 
.03054 
.08061 


14« 


Vers. 


.02970 
.02977 
.02985 
.02992 
.02999 
.03006 
.03013 
.03020 
.03027 
.03034 
.03041 

.03048 
.08065 
.03063 
.03070 
.03077 
.03084 
.08091 
.03098 
.03106 
.03118 

.03120 
.03127 
.08134 
.03142 
.03149 
.03156 
.03163 
.08171 
.03178 
.08185 

.08193 
.03200 
.03207 
.03214 
.03222 
.03229 
.03236 
.03244 
.08251 
.03258 

.08266 
.03273 
.03281 
.03288 
.03295 
.03303 
.03310 
.03318 
.03825 
.08838 

.03340 
.03347 
.03355 
.03362 
.03370 
.03377 
.03385 
.03892 
.03400 
.03407 


Ex.  sec. 


.03061 
.03069 
.03076 
.03084 
.03091 
.03099 
.03106 
.03114 
.03121 
.03129 
.03137 

.03144 
.03162 
.03159 
.03167 
.03175 
.03182 
.03190 
.03198 
.03205 
.08213 

.03221 
.03228 
.03236 
.03244 
.03251 
.03259 
.03267 
.03275 
.03282 
.03290 

.03298 
.03306 
.03313 
.03321 
.03329 
.03337 
.03345 
.03353 
.03360 
.03368 

.03376 
.03384 
.03392 
.03400 
.03408 
.03416 
.03424 
.03432 
.08439 
.03447 

.03455 
.03463 
.03471 
.03479 
.03487 
.03495 
.03503 
.03512 
.03520 
.08528 


15< 


Vers. 


.08407 
.03415 
.03422 
.08480 
.03438 
.03445 
.03453 
.03460 
.03468 
.03476 
.03483 

.03491 
.03496 
.03506 
.03514 
.08521 
.03529 
.03537 
.03544 
.03552 
.03560 

.03567 
.03575 
.03583 
.03590 
.03598 
.03606 
.03614 
.03621 
.03629 
.03637 

.08645 
.03653 
.03660 
.03668 
.03676 
.03684 
.03692 
.03699 
.03707 
.03715 

.03723 
.03781 
.08739 
.03747 
.08754 
.03762 
.03770 
.03778 
.03786 
.03794 

.03802 
.03810 
.03818 
.03826 
.03834 
.08842 
.03850 
.03858 
.03866 
.03874 


Ex.  sec. 


.03528 
.03536 
.03544 
.03552 

.03560 
.03568 
.03576 
.03584 
.03692 
.03601 
.03609 

.03617 
.03625 
.03633 
.03642 
.03650 
.03658 
.03666 
.03674 
.03683 
.03691 

.03699 
.03708 
.03716 
.03724 
.03732 
.03741 
.03749 
.03758 
.03766 
.03774 

.03783 
.03791 
.03799 
.03808 
.03816 
.03825 
.03833 
.03842 
.03850 
.03858 

.03867 
.03875 
.03884 
.03892 
.03901 
.03909 
.03918 
.03927 
.03936 
.03944 

.03952 
.03961 
.03969 
.03978 
.03987 
.03995 
.04004 
.04018 
.04021 
.04060 
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TABLE  XXIX.-~NATURAL  VfiRSfeD  SINES   AKD  EXtEENAt  SftCANTS. 


# 

16» 

r 

Vei-s. 

1 
Ex.  sec. 

0 

.03874 

.04030 

1 

.03882 

.04039 

2 

.03890 

.04047  1 

3 

.03898 

.04056 

4 

.03906 

.04065 

5 

.03914 

.04073 

6 

.03922 

.04082 

7 

.03930 

.04091 

8 

.o:«38 

.04100 

9 

.03946 

.04108  I 

10 

.03954 

.04117  1 

11 

.08963 

.04126  ' 

12 

.03971 

.04135 

13 

.03979 

.04144 

14 

.03987 

.04152  ; 

15 

.03995 

.04161  ; 

16 

.04003 

.04170 

17 

.04011 

.04179 

18 

.04019 

.04188 

19 

.04028 

.04197 

ao 

.04036 

.04206 

21 

.04M4 

.04214 

22 

.04052 

.04223 

23 

.04000 

.04232 

24 

.04069 

.04241 

25 

.04077 

.04250 

26 

.04085 

.04259 

27 

.04093 

.04268 

28 

.04102 

.04^77 

29 

.04110 

.04286 

30 

.04118 

.04295 

31 

.04126 

.04304 

32 

.04ia5 

.04813 

33 

.04143 

.04822 

34 

.04151 

.04331 

35 

.04159 

.04340 

36 

.04168 

.04349 

37 

.04176 

.04358' 

38 

.04184 

.04367 

39 

.04193 

.04376 

40 

.04201 

.04385 

41 

.04209 

.04394 

42 

.04218 

.04403 

43 

.04226 

.04413 

44 

.04234 

.04422 

45 

.04243 

.04431 

46 

.04251 

.04440 

47 

.04260 

.04449 

48 

.04268 

.04458 

49 

.04276 

.04468 

50 

.04285 

.04477 

51 

.04298 

.04486 

52 

.04302 

.04495 

53 

.04310 

.04.504 

&4 

.04319 

.04514 

55 

.04327 

.04623 

56 

.04336 

.04532 

RI7 

.04344 

.04541 

04a5;i 

.04551 

^4361 

.04560 

4370 

.04569 

17. 

Vers. 

Ex.  sec. 

.04370 

.04569 

.04378 

.04578 

.04387 

.04588 

.04395 

.04697 

.04404 

.04606 

.04412 

.04616 

.04421 

.04625 

.04429 

.04635 

.04438 

.046^ 

.04446 

.04653 

.04455 

.04663 

.04464 

.04672 

.04472 

.04682 

.04481 

.04691 

.04489 

.04700 

.04498 

.04710 

.04507 

.04719 

.04515 

.04729 

.04524 

.04738 

.04633 

.04748 

.04641 

.04757 

.04550 

.04767 

.04559 

.04776 

.04567 

.04786 

.04576 

.04795 

.04685 

.04806 

.04598 

.04815 

.04602 

.04824 

.04611 

.04834 

.04620 

.04843 

.04628 

.(^853 

.04687 

.04863 

.04646 

.04872 

.04655 

.04882 

.04663 

.04891 

.04672 

.04901 

.04681 

.04911 

.04690 

.04920 

.04699 

.04930 

.04707 

.04940 

.04716 

.04950 

.04725 

.04959 

.047M 

.04969 

.04748 

.04979 

.04752 

.04989 

.04760 

.04998 

.04769 

.06008 

.04778 

.05018 

.04787 

.05028 

.04796 

.05038 

.04806 

.05047 

.04814 

.05057 

.04823 

.05067 

.04832 

.05077 

.04841 

.06087 

.04850 

.05097 

.04858 

.05107 

.04867 

.05116 

.04876 

.05126 

.04885 

.05136 

.048iH 

.06146 

Vers. 

Ex.  sec. 

.04894 

.05146 

.04908 

.05156 

.04912 

.05166 

.04921 

.06176 

.04980 

.05186 

.04989 

.05196 

.04948 

.05206 

.04957 

.05216 

.04967 

.06226 

.04976 

.05236 

.04985 

.05246 

.04994 

.06256 

.05008 

.05266 

.05012 

.05276 

.05021 

.05286 

.05030 

.05297 

.05089 

.06307 

.05048 

.05317 

.05057 

.05327 

.05067 

.05337 

.05076 

.06847 

.05066 

.05367 

.05094 

.05367 

.05103 

.05378 

.05112 

.05388 

.06122 

.05398 

.05131 

.05408 

.05140 

.05418 

.06149 

.05429 

.05158 

.05489 

.06168 

.05449 

.05177 

.05460 

.05186 

.05470 

.06196 

.05480. 

.05206 

.05490 

.05214 

.05501 

.05228 

.05511 

.05233 

.05521 

.05242 

.05532 

.05251 

.05542 

.05260 

.05552 

.06270 

.05663 

.05279 

.05573 

.05288 

.05684 

.06298 

.055M 

.06307 

.05604 

.05316 

.05615 

.06326 

.05625 

.05835 

.05686 

.05344 

.05646 

.05854 

.06697 

.05863 

.05667 

.06373 

.05678 

.053»i 

.05688 

.05391 

.05609 

.05401 

.05709 

.05410 

.05720 

.05420 

.05780 

.06429 

.06741 

.05439 

.05751 

.05448 

.05762 

19« 

Vers. 

Ex.  sec. 

.06448 

.05762 

.05458 

.06773 

.06467 

.06788 

.06477 

.057»4 

.05486 

.05805 

.05496 

'  .05815 

.05505 

.05826 

.06515 

.05886 

.05624 

.05847 

.05584 

.05858 

.05548 

.05869 

.05563 

.05879 

.06562 

.06890 

.05572 

,  .05901 

.06582 

'  .05911 

.05591 

.05922 

.05601 

.05983 

:0d6l0 

.05944 

.05620 

.05955 

.06680 

.05965 

.06639 

.05976 

.06649 

05987 

.05658 

.05998 

.06668 

.06009 

.06678 

.06020 

.06687 

.06080 

.06697 

.06041 

.06707 

.06052 

.05716 

.06063 

.05726 

.06074 

.05786 

.06085 

.06746 

.06096 

.05755 

.06107 

.05766 

.06118 

.05775 

.06129 

.05785 

.06140 

.067»4 

.06151 

.068M 

.06162 

.05814 

.06178 

.05824 

.06184 

.05888 

.06195 

.05843 

.06206 

.05853 

.06817 

.05863 

.06828 

.05873 

.06289 

.05882 

.06250 

.05802 

.06261 

.06902 

.06872 

.06012 

.06883 

.05922 

.06895 

.06962 

.06806 

.05942 

.06817 

.05951 

.06828 

.05961 

.06889 

.05971 

.06950 

.05981 

.06862 

.05091 

.06873 

.oeooi 

.06384 

.06011 

.0ffii96 

.06621 

.06407 

.060S1 

.06418 
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TAJfeLfi   XXIX.-NaTURAL  versed   SINES  AND  EXTERNAL    SECANTS. 


§ 

20« 

w 

Vers. 

Ex.  sec. 

0 

.06031 

.06418 

1 

.06041 

.06429 

2 

.06061 

.06440 

3 

.06061 

.06452 

4 

.06071 

.06463 

5 

.06081 

.06474 

6 

.06091 

.06486 

7 

.06101 

.06497 

8 

.06111 

.06506 

9 

.06121 

.06.520 

10 

.06131 

.06581 

11 

.06141 

.06642 

12 

.06151 

.06554 

13 

.06161 

.06565 

14 

.06171 

.06577 

15 

.06181 

.06.588 

16 

.06191 

.06600 

17 

.06201 

.06611 

18 

.06211 

.06622 

19 

.06221 

.06634 

20 

.06231 

.06645 

21 

.06241 

.06657 

22 

.062.52 

.06668 

23 

.06262 

.06680 

24 

.06272 

.06091 

25 

.06282 

.06703 

26 

.06292 

.06715 

27 

.06302 

.06726 

28 

.06312 

.06738 

29 

.06323 

.06749 

30 

.06333 

.06761 

31 

.06343 

.06773 

32 

.06353 

.06784 

33 

.06363 

.06796 

&I 

.06374 

.06807 

35 

.06384 

.06819 

36 

.06394 

.06831 

37 

.06104 

.06843 

38 

.06415 

.06854 

39 

.06425 

.06866 

40 

.06435 

.06878 

41 

.06445 

.06889 

42 

.06456 

.06901 

43 

.06466 

.06913 

44 

.06476 

.06925 

45 

.06486 

.06936 

46 

.06497 

.06948 

47 

.06507 

.06960 

48 

.06517 

.06972 

49 

.06528 

.06984 

50 

.06538 

.06995 

51 

.06548 

.07007 

52 

.06559 

.07019 

53 

.06569 

.07031 

54 

.06580 

.07043 

55 

.08590 

.070,55 

56 

.06600 

.07067 

57 

.06611 

.07079 

58 

.06621 

.07091  ' 

59 

.06632 

.0710:^ 

60 

.06642 

.07115 

21* 


Vers. 


.06642 
.066.52 
.06663 
.06673 
.06684 
.06694 
.06705 
.06715 
.06726 
.06786 
.06747 

.06767 
.06768 
.06778 
.06789 
.  0(5799 
.0(5810 
.06820 
.068131 
.06841 
.06852 

.(mm 

.06873 
.06884 
.06894 
.06905 
.06916 
.06926 
.06937 
.06948 
.06958 

.06969 
.06980 
.06990 
.07001 
.07012 
.07022 
.07033 
.07044 
.07055 
.07065 

.07076 
.07087 
.07098 
.07108 
.07119 
.07130 
.07141 
.07151 
.07162 

.on73 

.07184 
.07195 
.07206 
.07216 
.07227 
.072;« 
.07249 
.07260 
.07271 
.07282 


Ex.  sec. 


.07115 
.0n26 
.07188 
.07150 
.07162 
.07174 
.07186 
.07199 
.07211 
.07-.J23 
.07236 

.07847 
.07259 
.07271 
.07283 
.07296 
.07307 
.07820 
.07882 
.07344 
.07856 

.07868 
.07380 
.07393 
.07405 
.07417 
.07429 
.07442 
.074,54 
.07466 
.07479 

.07491 
.07503 
.07516 
.07528 
.07540 
.07553 
.07565 
.07578 
.07590 
.07602 

.07615 
.07627 
.07640 
.07652 
.07665 
.07677 
.07690 
.07702 
.07715 
.07727 

.07740 
.07752 
.07765 
.07778 
.07790 
.0780;^ 
.07810 
.07828 
.07841 
.0785:3 


22< 


Vers. 


07282 
07293 
07308 
07314 
07:325 
07386 
07347 
07358 
07369 
07380 
07391 

07402 
07413 
07424 
07485 
07446 
07457 
07468 
07479 
07490 
07501 

07512 
07523 
07584 
07.545 
07556 
07568 
07579 
07590 
07601 
07612 

07628 
07634 
07646 
07657 
07668 
07679 
07690 
07701 
07713 
07724 

orrss 

07746 
07757 
07769 
07780 
07791 
07802 
07814 
07825 
07836 

07848 
078,59 
07870 
07881 
07893 
07904 
07915 
07927 
079:38 
07951) 


Ex.  sec. 


.07858 
.07866 
.07879 
.07892 
.07904 
.07917 
.07930 
.07943 
.07955 
.07968 
.07981 

.07994 
.08006 
.08019 
.08032 
.08045 
.08058 
.08071 
.08084 
.08097 
.08109 

.08122 
.08135 
.08148 
.08161 
.08174 
.08187 
.08200 
.08213 
.08226 
.08239 

.08252 
.08265 
.08278 
.08291 
.08305 
.08318 
.08331 
.08344 
.08357 
.08370 

.08383 
.08397 
.08410 
.08423 
.08436 
.08449 
.08463 
.08476 
.08489 
.08503 

.08.516 
.08529 
.08.542 
.08556 
.08569 
.08582 
.085J)6 
.08609 
.0862:3 
.086:36 


23< 


Vers. 


.07950 
.07961 
.07972 
.07984 
.07995 
.08006 
.08018 
.08029 
.08041 
.08052 
.08064 

.08075 
.08086 
.08098 
.08109 
.08121 
.08182 
.08144 
.08155 
.08167 
.08178 

.08190 
.08201 
.08213 
.08225 
.08236 
.08248 
.08259 
.08271 
.08282 
.08294 

.08306 
.08317 
.08329 
.08340 
.08352 
.08364 
.08375 
.08387 
.06899 
.06410 

.08422 
.08434 
.08445 
.08457 
.08469 
.08481 
.08492 
.08504 
.08516 
.08528 

.08539 
.08551 
.08563 
.08575 
.08586 
.08598 
.08610 
.08622 
.086:W 
.08645 


Ex.  sec. 


.08636 
.08649 
.0866'J 
.08676 
.08690 
.0870:3 
.08717 
.08730 
.08744 
.08757 
.08771 

.08784 
.08798 
.08811 
.08825 
.08839 
.08852 
.08866 
.08880 
.08898 
.08907 

.08921 
.08934 
.08948 
.08962 
.08975 
.08989 
.09003 
.09017 
.09030 
.09044 

.09058 
.09072 
.09086 
.09099 
.09113 
.09127 
.09141 
.09155 
.09169 
.09183 

.09197 
.09211 
.09224 
.09238 
.09252 
.09266 
.09280 
.09294 
.09308 
.09323 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
82 
83 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 


.09337 
.09351 
.09:365 
.09:379 
.09393  I  55 
.09407  56 
.09421 
.094.35 
.09449  I  59 
.09464   " 


51 
52 
53 
54 


57 

.58 
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TABLE  XXDL'NATUBAL  V£RSED   SINES   AND  EXTERNAL  SECANTS.^ 


r 
0 

24. 

26« 

86* 

27 

/ 
0 

Vers. 

Ex.  sec. 

Vers. 
.09369 

Ex.  sec. 
.10838 

Vers. 

Ex.  sec. 

Vera. 

Ex.  sec. 

.06645 

.09464 

.10121 

.11260 

.10899 

.12233 

1 

.06667 

.09478 

.09382 

.10353 

.10183 

.11276 

.10913 

.12249 

1 

2 

.06669 

.09492 

.09394 

.10868 

.10146 

.11292 

.10926 

.12266 

2 

3 

.08681 

.09606 

.09406 

.10383 

.10159 

.11308 

.10939 

.12283 

3 

4 

.08693 

.09520 

.09418 

.10398 

.10172 

.11323 

.10952 

.12299 

4 

5 

.08705 

.09535 

.09431 

.10413 

.10184 

.1133b 

.10965 

.12316 

5 

6 

.08717 

.09549 

.09443 

.10428 

.10197 

.11355 

.10979 

.12333 

6 

7 

.08728 

.00563 

.09455 

.10443 

.10210 

.11371 

.10992 

.12349 

7 

8 

.08740 

.09577 

.09468 

.10458 

.10223 

.11387 

.11005 

.12366 

8 

9 

.08752 

.09592 

.09480 

.104r3 

.10236 

.11403 

.11019 

.12383 

9 

10 

.08764 

.09606 

.09493 

.10488 

.10248 

.11419 

.11032 

.12400 

10 

11 

.08776 

.09620 

.09505 

.10503 

.10261 

.11435 

.11045 

.12416 

11 

12 

.08788 

.09635 

.09517 

.10518 

.10274 

.11451 

.11058 

.12433 

12 

13 

.08800 

.09649 

.09530 

.10533 

.10287 

.11467 

.11072 

.12450 

13 

14 

.06812 

.09663 

.09542 

.10549 

.10300 

.11483 

.11085 

.12467 

14 

15 

.08824 

.09678 

.09554 

.10564 

.10313 

.11499 

.11098 

.12484 

15 

16 

.08836 

.09692 

.09567 

.10679 

.10326 

.11515 

.11112 

.12501 

16 

17 

.08818 

.09707 

.09579 

.10594 

.10338 

.11531 

.11125 

.12518 

17 

18 

.08860 

.09721 

.09592 

.10609 

.10351 

.11547 

.11138 

.12534 

18 

19 

.08872 

.09735 

.09604 

.10625 

.10364 

.11563 

.11152 

.12551 

19 

20 

.08884 

.09750 

.09617 

.10640 

.10377 

.11579 

.11165 

.12568 

20 

21 

.08896 

.09764 

.09629 

.10655 

.10390 

.11595 

.11178 

.12585 

21 

22 

.08908 

.09779 

.09(>42 

.10070 

.10403 

.11611 

.11192 

.12602 

22 

2;3 

.08920 

.09793 

.09054 

.10686 

.10416 

.11627 

.11205 

.12619 

23 

24 

.08932 

.09808 

.09666 

.10701 

.10429 

.11643 

.11218 

.12636 

24 

25 

.08944 

.09822 

.09679 

.10716 

.10442 

.11669 

.11232 

.12653 

25 

26 

.08956 

.09837 

.09091 

.10731 

.10455 

.11675 

.11245 

.12670 

2G 

27 

.08968 

.09851 

.09704 

.10747 

.10468 

.11691 

.11259 

.12687 

27 

28 

.08980 

.09866 

.09716 

.10762 

.10481 

.11708 

.11272 

.12704 

28 

29 

.06992 

.09880 

.09729 

.10777 

.10494 

.11724 

.11285 

.12^1 

29 

30 

.09004 

.09895 

.09741 

.10793 

.10507 

.11740 

.11299 

.12738 

30 

31 

.09016 

.09909 

.09754 

.10808- 

.10520 

.11756 

.11312 

.12755 

31 

32 

.09028 

.09924 

.09767 

.10824 

.10583 

.11772 

.11326 

.1277^ 

32 

33 

.09040 

.09939 

.09779 

.10839 

.10546 

.11789 

.11339 

.12789 

33 

34 

.09052 

.09953 

.09792 

.10664 

.10559 

.11805 

.11353 

.12807 

34 

35 

.09064 

.09968 

.09804 

.10870 

.10572 

.11821 

.11366 

.12824 

35 

36 

.09076 

.09982 

.09817 

.10885 

.10585 

.11838 

.11380 

.12841 

36 

37 

.09089 

.09997 

.09829 

.10901 

.10598 

.11^54 

.11393 

.12858 

37 

38 

.09101 

.10012 

.09842 

.10916 

.10611 

.11870 

.11407 

.12875 

ai 

39 

.09113 

.10026 

.09854 

.10932 

.10624 

.11886 

.11420 

.12892 

39 

40 

.09125 

.10041 

.09867 

.10947 

.10637 

.11903 

.11434 

.12910 

40 

41 

.09137 

.10055 

.09880 

.10963 

.10650 

.11919 

.11447 

.12927 

41 

42 

.09149 

.10071 

.09892 

.10978 

.10663 

.11936 

.11461 

.12944 

42 

43 

.09161 

.10086 

.09905 

.10994 

.10676 

.11952 

.11474 

.12901 

43 

44 

.09174 

.10100 
.10116 

.09918 

.11009 

.10689 

.11968 

.11488 

.12979 

44 

45 

.09186 

.09930 

.11025 

.10702 

.11985 

.11501 

.12996 

45 

46 

.09198 

.10130 

.09943 

.11041 

.10715 

.12001 

.11515 

.13013 

46 

47 

.09210 

.10144 

.09955 

.11056 

.10728 

.12018 

.11528 

.13031 

47 

48 

.09222 

.10169 

.09968 

.11072 

.10741 

.12034 

.11642 

.13048 

48 

49 

.09234 

.10174 

.09981 

.11087 

.10755 

.12051 

.11555 

.13065 

49 

50 

.09247 

.10189 

.09993 

.11103 

.10768 

.12067 

.11569 

.13083 

50 

51 

.00259 

.10204 

.10006 

.11119 

.10781 

.12084 

.11583 

.13100 

51 

52 

.09271 

.10218 

.10019 

.11134 

.10794 

.12100 

.11596 

.13117 

55 

53 

.09283 

.10233 

.10032 

.11150 

.10807 

.12117 

.11610 

.13185 

53 

54 

.09296 

.10348 

.10044 

.11166  , 

.10820 

.12133 

.11623 

.13152 

54 

55 

.09308 

.10263 

.10057 

.11181  1 

.10833 

.12150 

.11637 

.1317X) 

65 

56 

.09320 

.10278 

.10070 

.11197 

.10847 

.12166 

.11651 

.13187 

56 

57 

.09332 

.10293 

.10082 

.11213 

.10860 

.12183 

.11664 

.13205 

57 

58 

.09345 

.10308 

.10095 

.11229 

.10873 

.12199 

.11678 

.13222 

58 

59 

.09357 

.10323 

.10108 

.11244  ' 

.10886 

.12216 

.11692 

.18240 

69 

60 

.09369 

.10338 

.10121 

.11260  1 

.10899 

.12233 

.11705 

.13257 

60  1 
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ABLE  XXIX.— NATURAL  VERSED   SINES   AND  EXTERNAL  SI 


/ 

28° 

Vers. 

Ex.  sec. 

0 

.11705 

.13257 

■i 
X 

.11719 

.13275 

2 

.11783 

.13292 

8 

.11746 

.13310 

4 

.11760 

.13827 

5 

.11774 

.13345 

6 

.11787 

.13362 

7 

.11801 

.13380 

8 

.11815 

.13398 

9 

.11828 

.13415 

10 

.11842 

.18438 

11 

.11856 

.13451 

12 

.11870 

.18168 

13 

.11883 

.13486 

14 

.11897 

.13504 

15 

.11911 

.13521 

16 

.11925 

.18539 

17 

.11938 

.18557 

18 

.11952 

.13575 

19 

.11966 

.13593 

20 

.11980 

.13610 

21 

.11994 

.18628 

22 

.12007 

.18646 

23 

.12021 

.18664 

24 

.12085 

.18682 

25 

.12049 

.13700 

26 

.12063 

.13718 

27 

.12077 

.13735 

28 

.12091 

.13753 

29 

.12104 

.13771 

30 

.12118 

.13789 

31 

.12132 

.13807 

32 

.12146 

.13825 

33 

.12160 

..13848 

34 

.12174 

.13861. 

35 

.12188 

.13879 

36 

.12202 

.13897 

37 

.12216 

.13916 

38 

.12230 

.13934 

39 

.12244 

.139.52 

40 

.12257 

.13970 

41 

.12271 

.18988 

42 

.12285 

.14006 

43 

.12299 

.14024 

44 

.12313 

.14042 

45 

.12327 

.14061 

46 

.12341 

.14079 

47 

.12355 

.14097 

48 

.12369 

.14115 

49 

.12383 

.14184 

50 

.12397 

.14152 

51 

.12411 

.14170 

52 

.12425 

.14188 

53 

.12439 

.14207 

54 

.12454 

.14225 

55 

.12468 

.14243 

56 

.12482 

.14262 

57 

.12406 

.14280 

58 

.12510 

.14299 

59 

.12524 

.14317 

60 

.12588 

.14aS5 

29« 


Vers. 


.12538 
.12552 
.12566 
.12580 
.12595 
.12609 
.12623 
.12637 
.12651 
.12665 
.12679 

.12694 
.12708 
.12722 
.12786 
.12750 
.12765 
.12779 
.12793 
.12807 
.12822 

.12836 
.12850 
.12864 
.12879 
.12893 
.12907 
.12921 
.12936 
.12950 
.12964 

.12979 
.12993 
.13007 
.13022 
.13036 
.13051 
.13065 
.13079 
.13094 
.13106 

.13122 
.13137 
.13151 
.13166 
.13180 
.13195 
.13209 
.13223 
.13238 
.13252 

.13267 
.13281 
.13296 
.13310 
.13825 
.18389 
.13854 
.13868 
.13888 
.13897 


Ex.  sec. 


4335 
4354 
4372 
4391 
4409 
4428 
4446 
4465 
4483 
4502 
4521 

4539 

4558 

4576 

4595 

4614 

4632. 

4651 

4670 

4689 

4707 

4?26 
4745 
4764 

4782 
4801 
4820 
4889 
4858 
4877 
4896 

4914 
4938 
4952 
4971 
4990 
5009 
5028 
5047 
5066 
5085 

5105 
5124 
5143 
5102 
5181 
5200 
,5219 
5239 
5258 
5277 

5296 
5315 
5335 
.5354 
5373 
5398 
5412 
5481 
5451 
5470 


30« 


Vers. 


3397 
3412 
3427 
3441 
3456 
3470 
3485 
3499 
3514 
3529 
3548 

8558 
3573 
3587 
3602 
3616 
3681 
3646 
3660 
3675 
8690 

3705 
3719 
8784 
3749 
3768 
8778 
3793 
3808 
3822 
3837 

3852 
3867 
3881 
.3896 
3911 
3926 
3941 
3955 
3970 
3965 

4000 
4015 
4030 
4044 
4059 
4074 
4089 
4104 
4119 
4134 

4149 
4164 
4179 
4194 
4208 
4223 
4238 
4253 
4268 
4283 


Ex.  sec. 


5470 
5489 
5509 
5528 
5548 
5567 
5587 
5606 
5626 
5645 
5665 

5684 
5704 
5724 
5743 
5763 
5782 
5802 
5822 
5841 
5861 

5881 
5901 
5920 
5940 
5960 
5980 
6000 
6019 
6089 
6059 

6079 
6099 
6119 
6139 
6159 
6179 
6199 
6219 
6239 
6259 

6279 
6299 
6319 
6339 
6359 
6380 
6400 
6420 
6440 
6460 

6481 
6501 
6521 
6541 
6562 
6582 
6602 
6623 
6643 
6663 


81* 


Vers. 


.14288 
.14298 
.14313 
.14828 
.14343 
.14858 
.14378 
.14888 
.14403 
.14418 
.14438 

.14449 
.14464 
.14479 
.14494 
.14509 
.14524 
.14539 
.14554 
.14569 
.14584 

.14590 
.14615 
.14680 
.14645 
.14660 
.14675 
.14690 
.14706 
.14721 
.14736 

.14751 
.14766 
.14782 
.14797 
.14812 
.14827 
.14843 
.14858 
.14873 
.14888 

.14904 
.14919 
.14934 
.14949 
.14965 
.14980 
.14995 
.15011 
.15026 
.15041 

.16057 
.15072 
.15087 
.15103 
.15118 
.15134 
.15149 
.15164 
.15180 
.15195 

[479] 


Ex.s< 


.i66e 

.167( 
.167!i 
.167^ 
.167( 
.167^ 
.168( 
.168J 
.168^ 

.im 
Am 

.169( 
.169? 

Ami 

AGd'i 
.169? 
.170] 
.170? 
.17a 
.1701 

.170< 
.171] 
.171? 
.171f 
.1711 
.1711 
.1725 
.172^ 
.172( 
.172i 

.173( 
.173J 
.173^ 
.173t 

Am 

.174( 
.174? 
.174f 
.1741 
.1741 

.175] 
.175? 
.175; 
.1751 
.1751 
.176S 
.1764 
.176( 
.176i 
.177( 

.1775 

.177^ 
.177( 
.1771 
.1781 
.178? 
.178£ 
.178^ 
.1781 
.1791 


TABLE  XXIX.—NATURAL  YEBSSD  SINKS  ASJ)  EXTERNAL  SECANT& 


/ 
0 

32« 

8S<» 

S4» 

S6» 

/ 
0 

Vera. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

E:x.aec. 

Vers. 

Elz.sec. 

.15195 

.17918 

.161.33 

.192:% 

.17096 

.90682 

.18085 

.28077 

1 

.15211 

.17939 

.16149 

.19259 

.17113 

.80645 

.18101 

.^108 

1 

2 

.15226 

.17961 

.16165 

.19281 

.17129 

.80669 

.18118 

.82127 

2 

3 

.15241 

.17982 

.16181 

.19304 

.17145 

.20693 

.18135 

.82152 

3 

4 

.15257 

.18004 

.16196 

.19327 

.17161 

.80717 

.18152 

.28177 

4 

5 

.15272 

.18025 

.16212 

.19ai9 

.17178 

.80740 

.18168 

.828(KJ 

5 

6 

.15288 

.18047 

.16228 

.19372 

.17194 

.80764 

.18185 

.28287 

6 

7 

.15303 

.18068 

.16244 

.19894 

.17210 

.80788 

.18808 

.82858 

7 

8 

.15319 

.18090 

.16260 

.19417 

.17887 

.20818 

.18818 

.22277 

8 

9 

.153*4 

.18111 

.16276 

.19440 

.17848 

.20838 

.18885 

.88308 

9 

10 

.15350 

.18133 

.16892 

.19463 

.17859 

.80650 

.18868 

.28387 

10 

11 

.15865 

.18155 

.16808 

.194a5 

.17876 

.80683 

.18868 

.28358 

11 

18 

.15381 

.18176 

.16824 

.19508 

.17292 

.20907 

.18886 

.28377 

18 

13 

.15396 

.18198 

.16340 

.19581 

'  .17308 

.20931 

.18808 

.82408 

13 

14 

.15412 

.18220 

.16855 

.19554 

.17325 

.80955 

.188:'9 

.88488 

14 

15 

.15427 

.18241 

.16371 

.19576 

1  .17841 

.20979 

.18886 

.88453 

15 

16 

.15443 

.18263 

.16387 

.19599 

.17837 

.81003 

.18353 

.28478 

16 

17 

.15458 

.18285 

.16403 

.19622 

.17874 

.21027 

.18369 

.88503 

17 

18 

.15474 

.18307 

.16419 

.19&45 

.17390 

.21051 

.18886 

.82528 

18 

19 

.15489 

.1*328 

.1W35 

.19668 

I  .17407 

.21075 

.18408 

.82554 

19 

20 

.15505 

.18350 

.16451 

.19691 

.17423 

.81099 

.18480 

.2^79 

20 

31 

.15520 

.18372 

.16467 

.19713 

.17439 

.81183 

.18437 

.28604 

21 

22 

.15536 

.ia394 

.16483 

.19736 

.17456 

.21147 

.18464 

.88629 

22 

23 

.15552 

.18416 

.16499 

.19759 

.17472 

.21171 

.18470 

.28665 

23 

24 

.15567 

.18437 

.16515 

.19782 

'  .17489 

.81195 

.18487 

.28680 

84 

25 

.15583 

.18459 

.16531 

.19805 

.17506 

.81830 

.18604 

.28706 

25 

26 

.15598 

.18481 

.16547 

.19828 

.17522 

.81844 

.18581 

.88731 

86 

27 

.15614 

.1«)03 

.16563 

.19851 

.17538 

.81868 

.18588 

.88756 

87 

28 

.15630 

.la^T 

.16579 

.19874 

.17554 

.81892 

.18555 

.28788 

88 

29 

.16d45 

.18547 

.16595 

.19897 

.17571 

.81816 

.1S>72 

.82807 

89 

30 

.16661 

.18569 

.16611 

.19980 

.17587 

.81841 

.18588 

.88888 

80 

31 

.15676 

.18591 

.16627 

.19944 

.17604 

.81866 

.18605 

.82858 

31 

32 

.15698 

.18613 

.16644 

.19967 

.17620 

.81889 

.18682 

.82884 

32 

33 

.15708 

.18635 

.16660 

.19990 

.17637 

.81414 

.18639 

.82909 

33 

34 

.15723 

.18657 

.16676 

.80013 

.17653 

.81438 

.18656 

.28985 

34 

35 

.15739 

.18679 

.16692 

.80086 

.17670 

.81468 

.18673 

.88960 

.SS 

36 

.157.55 

.18701 

.16708 

.80059 

.17686 

.81487 

.18690 

.22986 

86 

37 

.15770 

.18723 

.16724 

.80083 

.17708 

.81511 

.18707 

.88012 

37 

38 

.15786 

.18745 

.16740 

.80106 

.17719 

.81535 

.18784 

.83037 

38 

39 

.15802  i 

.18767 

.16756 

.80189 

.irrao 

.81560 

.18741 

.88063 

89 

40 

.15818 

.18790 

.16772 

.80158 

.17758 

.81584 

.18768 

.88069 

40 

41 

.15833  ' 

.18812 

.16788 

.80176 

.17769 

.81609 

.18775 

.83114 

41 

42 

.15849  , 

.18834 

.16805 

.80199 

.17786 

.81633 

.18798 

.83140 

48 

43 

.15865  1 

.18856 

.16821 

.20222 

.17802 

.81658 

.18809 

.83166 

43 

44 

.15880 

.18878 

.16837 

.20246 

.17819 

.81688 

.18886 

.83198 

44 

45 

.15896 

.18901 

.16853 

.20269 

.17835 

.81707 

.18843 

.83817 

45 

46 

.15912 

.18923 

.16869 

.20292 

.17852 

.81731 

.18860 

.88843 

46 

47 

.15938 

.18945 

.16885 

.20316 

.17808 

.81756 

.18877 

.23869 

47 

48 

.15943 

.18967 

.16902 

.20339 

.17885 

.81781 

.18894 

.23395 

48 

49 

.15959 

.18990 

.16918 

.20363 

.17902 

.81805 

.18911 

.23821 

49 

50 

.15975 

.19018 

.16934 

.20386 

.17918 

.81880 

.18988 

.28847 

50 

51 

.15991 

.19034 

.16950 

.20410 

.17935 

.21855 

.18945 

.83373 

51 

52 

.16006 

.190.57 

.16966 

.201;B3 

.17952 

.81879 

.18968 

.23399  58  I 

53 

.16022 

.19079 

.16983 

.80457 

.17968 

.81904 

.18979 

.83484 

53 

54 

.16038 

.19102 

.16999 

.80480 

.17985 

.81989 

.18996 

.83450 

54 

55 

.10054 

.19124 

.17015 

.20504 

.18001 

.21953 

.19013 

.83476 

55 

56 

.16070 

.19146 

.17031 

.20527 

.18018 

.81978 

.19080 

.88502 

56 

57 

.160a5 

.19169 

.17047 

.20551 

.18a35 

.82003 

.19047 

.28589 

57 

»« 

.16101 

.19191 

.170*i4 

.20575 

.18051 

.88028 

.19064 

.88.'ifi6 

58 

.16117 

.19214 

.17080 

.20598 

.18068 

.28063 

.19061 

.88581 

59 

.16133 

.19236 

.17096 

.20622 

.18085 

.88077 

.19096 

.28607 

60 

[480] 


TABLE  XXIX.— NATURAL  VERSED  SINES  AND  EXTERNAL  SECANTS 


g 

369 

w 

Vers. 

Ex.  sec. 

0 

.19098 

.23607 

1 

.19115 

.23633 

2 

.19133 

.23659 

3 

.19150 

.23685 

4 

.19167 

.23711 

5 

.19184 

.23788 

6 

.19201 

.23764 

7 

.19218 

.23790 

8 

.19235 

.23816 

9 

.19252 

.23843 

10 

.19270 

.23869 

11 

.19287 

.23895 

12 

.19304 

.23922 

13 

.19321 

.23948 

14 

.19338 

.23975 

15 

.19356 

.24001 

16 

.19873 

.24028 

17 

.19390 

.24054' 

18 

.19407 

.24081 

19 

.19424 

.24107 

20 

.19442 

.24134 

21 

.19459 

.24160 

22 

.19476 

.24187 

23 

.19493 

.24213 

24 

.19511 

.24240 

25 

.19528 

.24267 

26 

.19545 

.24293 

27 

.19562 

.24320 

28 

.19580 

.24347 

29 

.19597 

.24373 

30 

.19614 

.24400 

.31 

.19632 

.24427 

32 

.19649 

.24454 

a3 

.19666 

.24481 

34 

.1'J684 

.24508 

a^ 

.19701 

.24534 

36 

.19718 

.^561 

37 

.19736 

.24588 

38 

.19753 

.24615 

39 

.19770 

.24642 

40 

.19788 

.24669 

41 

.19805 

.24696 

42 

.19822 

.24723 

43 

.19840 

.24750 

44 

.19857 

.^4777 

45 

.19875 

.^4804 

46 

.19892 

.^832 

47 

.19909 

.24859 

48 

.19927 

.^4886 

49 

.19944 

.^913 

50 

.19962 

.24940 

51 

.19979 

.24967 

52 

.19997 

.24995 

53 

.20014 

.25022 

54 

.20032 

.25049 

55 

.20049 

.25077 

56 

.20066 

.25104 

57 

.20084 

.25131 

58 

.20101 

.25159 

59 

.20119 

.25186 

60 

.20186 

.25214 

87*» 

Vers. 

Ex.  sec. 

.20136 

.35214 

.20154 

.25241 

.20171 

.25269 

.30189 

.25296 

.20207 

.25324 

.20224 

.25351 

.20242 

.25379 

.20259 

.25406 

.20277 

.25434 

.20294 

.25463 

.20312 

.25489 

.20329 

.35517 

.20347 

.25545 

.20365 

.25572 

.20382 

.25600 

.20400 

.25628 

.20417 

.25656 

.20435 

.25683 

.20453 

.25711 

.20470 

.35739 

.20488 

.35767 

.20506 

.25795 

.20523 

.35823 

.20541 

.25851 

.20559 

.25879 

.20576 

.25907 

.20594 

.25935 

.20612 

.25963 

.20629 

.25991 

.20647 

.26019 

.20665 

.26047 

.20682 

.26075 

.20700 

.26104 

.20718 

.26132 

.20?36 

.26160 

.20753 

.26188 

.20771 

.26216 

.20789 

.26245 

.20807 

.26273 

.30824 

.26301 

.20842 

.26330 

.20660 

.26358 

.20878 

.26387 

.30895 

.36415 

.20913 

.36443 

.20931 

.26472 

.20949 

.26500 

.20967 

.26529 

.20985 

.26557 

.21002 

.26586 

.21020 

.26615 

.21038 

.26643 

.21056 

.20672 

.21074 

.26701 

.21092 

.26729 

.21109 

.26758 

.21127 

.26787 

.21145 

.26815 

.21163 

.26844 

.21181 

.26873 

.21199 

.26902 

38° 

Vers. 

Ex.  sec. 

.21199 

.26902 

.21217 

.26931 

.21235 

.26960 

.21253 

.26988 

.21271 

.27017 

.21289 

.27046 

.21307 

.27075 

.21324 

.27104 

.21342 

.27133 

.21360 

.27162 

.21378 

.27191 

.21396 

.27221 

.21414 

.27250 

.21432 

.27279 

.21450 

.27308 

.21468 

.27337 

.21486 

.27366 

.21504 

.27396 

.21522 

.27425 

.21540 

.27454 

.21558 

.27483 

.21576 

.27518 

.21595 

.27542 

.21613 

.27572 

.21631 

.27601 

.21649 

.27630 

.21667 

.27660 

.21685 

.27689 

.21708 

.27719 

.21721 

.27748 

.21739 

.27778 

.21757 

.27807 

.21775 

.27837 

.21794 

.27867 

.21812 

.27896 

.21830 

.27926 

.21848 

.27956 

.21866 

.27985 

.21884 

.28015 

.21902 

.28045 

.21921 

.28075 

.21939 

.28105 

.21957 

.28134 

.21975 

.28164 

.21993 

.28194 

.22012 

.28224 

.22030 

.28354 

.22048 

.28284 

.22066 

.28314 

.22084 

.28344 

.22103 

.28374 

.22121 

.28404 

.23139 

.284^ 

.22157 

.28464 

.22176 

.28495 

.22194 

.28525 

.22312 

.28555 

.22231 

.28585 

.22249 

.28615 

.22267 

.28646  i 

.22285 

.28676  1 

89" 

/ 

Vers. 

Ex.  sec. 

.22285 

.28676 

0 

.22304 

.28706 

1 

.22322 

.28737 

2 

.22340 

.28767 

3 

.22359 

.28797 

4 

.22377 

.28828 

5 

.22395 

.28858 

6 

.22414 

.28889 

7 

.22432 

.28919 

8 

.22450 

.28950 

9 

.22469 

.28980 

10 

.22487 

.29011 

11 

.22506 

.29042 

12 

.22524 

.29072 

13 

.22542 

.29103 

14 

.22561 

.29133 

15 

.22579 

.29164 

16 

.22598 

.29195 

17 

.22616 

.29226 

18 

.22634 

.29256 

19 

.22653 

.39387 

20 

.22671 

.39318 

21 

.22690 

.39349 

22 

.22708 

.39380 

23 

.22737 

.29411 

24 

.22745 

.29442 

25 

.22764 

.29473 

26 

.22782 

.29504 

27 

.22801 

.29535 

28 

.22819 

.29566 

29 

.22838 

.29597 

30 

.22856 

.29628 

81 

.22875 

.29659 

32 

.22893 

.29690 

33 

.22912 

.29721 

84 

.22930 

.29752 

35 

.22949 

.29784 

36 

.22967 

.29815 

37 

.22986 

.29846 

38 

,23004 

.29877 

89 

.23023 

.29909 

40 

.23041 

.29940 

41 

.23060 

.29971 

42 

.23079 

.30003 

43 

.23097 

.30034 

44 

.23116 

.30066 

45 

.23134 

.30097 

46 

.23153 

.30129 

47 

.23172 

.30160 

48 

.33190 

.30192 

49 

.23209 

.30223 

50 

.23228 

.30355 

51 

.23246 

.30287 

52 

.23265 

.30318 

53 

.23383 

.30350 

M 

.33303 

.30382 

55 

.33321 

.30413 

56 

.23339 

.30445 

57 

.23358 

.3047r 

58 

.2337r 

.80509 

59 

.23396 

.30541 

60 

[481} 


TABLE  XXIX.-*NATURAL  VEBSED  SINES  AND  EXTERNAL  SECANTSL 


/ 
0 

40» 

41« 

42« 

43» 

r 
0 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

.23396 

.80541 

.24529 

.82501 

.25686 

.84563 

.26865 

.36733 

1 

.28414 

.30573 

.24548 

.82535 

.25705 

.84599 

.26884 

.86770 

1 

2 

.28133 

.80605 

.24567 

.32568 

.257^ 

.34634 

.26904 

.86807 

2 

8 

.28452 

.80636 

.24586 

.82602 

.25744 

.84669 

.26924 

.86844 

8 

4 

.23470 

.30668 

.24606 

.82636 

.25768 

.34704 

.26944 

.86881 

4 

6 

.23489 

.80700 

.24625 

.32669 

.25783 

.34740 

.26964 

.30919 

6 

6 

.23508 

.30732 

.24644 

.32703 

.25802 

.34775 

.26984 

.36956 

6 

7 

.23527 

.30764 

.24663 

.32737 

.25822 

.34811 

.27004 

.36993 

7 

8 

.23545 

.30796 

.24682 

.32770 

.25841 

.34846 

.27024 

.37080 

1  8 

9 

.2a^64 

.30829 

.24701 

.32804 

.25861 

.34882 

.27048 

.87068 

'  9 

10 

.28583 

.30861 

.24720 

.82838 

.25880 

.34917 

.27063 

.37105 

10 

11 

.23602 

.30893 

.24739 

.82872 

.25900 

.84953 

.27088 

.87143 

11 

12 

.23G20 

.30925 

.24759 

.32905 

.25920 

.34968 

.27103 

.37180 

12 

13 

.23639 

.30957 

.24778 

.32939 

.25939 

.35024 

.27123 

.37218 

13 

14 

.23G58 

.30989 

.24797 

.32978 

.25959 

.35060 

.27143 

.37256 

14 

15 

.23677 

.81022 

.24816 

.33007 

.25978 

.35095 

.27168 

.37298 

15 

16 

.23696 

.31054 

.24885 

.33041 

.25998 

.36131 

,27183 

.37380 

16 

17 

.23714 

.31086 

.24854 

.33075 

.26017 

.35167 

.27203 

.37368 

17 

18 

.23733 

.31119 

.24874 

.33109 

.26037 

.35203 

.27223 

.37406 

18 

19 

.23752 

.31151 

.24893 

.33143 

.26056 

.35238 

.27248 

.37443 

19 

20 

.23771 

.31183 

.24912 

.83177 

.26076 

.85274 

.27263 

.37481 

20 

21 

.23790 

.31216 

.24981 

.33211 

.26096 

.35310 

.27283 

.87519 

21 

22 

.23808 

.31248 

.24950 

.33245 

.26115 

.85346 

.27803 

.87556 

22 

28 

.23827 

.31281 

.24970 

.33279 

.28135 

.35382 

.27328 

.87594 

23 

24 

.23846 

.31313 

.24989 

.33314 

.26154 

.35418 

.27343 

.37682 

24 

25 

.23865 

.31346 

.25008 

.33348 

.26174 

.35454 

.27868 

.37670 

25 

26 

.23884 

.31378 

.25027 

.33382 

.26194 

.35490 

.27383 

.37708 

26 

27 

.23903 

.31411 

.25047 

.33416 

.26213 

.35526 

.27403 

.87746 

27 

28 

.23922 

.31443 

.25066 

.33451 

.26233 

.35562 

.27423 

.87784 

28 

29 

.23941 

.31476 

.25085 

.33485 

.26253 

.35598 

.27443 

.87822 

29 

80 

.23959 

.31509 

.25104 

.33519 

.26272 

.85634 

.27468 

.37860 

80 

81 

.23978 

.31541 

.25124 

.33554 

.26292 

.35670 

.27483 

.87898 

81 

82 

.23997 

.31574 

.25143 

835S8 

.26812 

.35707 

.27503 

.87936 

32 

38 

.24016 

.31607 

.25162 

83^^ 

.26381 

.85743 

.27523 

.37974 

33 

34 

.24035 

.31640 

.25182 

!33657 

.26851 

.35779 

.27543 

.38012 

34 

35 

.24054 

.31672 

.25201 

.33691 

.26371 

.35^5 

.27563 

.38051 

m 

86 

.24073 

.31705 

.25220 

.33726 

.26390 

.35852 

.27583 
.27603 

.88089 

36 

87 

.24092 

.81738 

.25240 

.aS760 

.26410 

.35888 

.38127 

87 

38 

.24111 

.81771 

.25259 

.33795 

.26430 

.85924 

.27623 

.38165 

38 

89 

.24180 

.31804 

.25278 

.33830 

.26449 

.35961 

.27648 

.88204 

89 

40 

.24149 

.81837 

.25297 

.83864 

.26469 

.35997 

.27663 

.88242 

40 

41 

.24168 

.31870 

.25317 

.83899 

.26489 

.36034 

.27683 

.88280 

41 

42 

.24187 

.31903 

.25330 

.33934 

.26509 

.36070 

.27V03 

.38319 

42 

48 

.24206 

.31936 

.25356 

.a3968 

.26528 

.36107 

.27123 

.38357 

43 

44 

.24225 

.31969 

.25375 

.34003 

.26548 

.36143 

.27743 

.88396 

44 

45 

.24244 

.32002 

.25394 

.3^1038 

.26568 

.36180 

.27764 

.88434 

45 

46 

.24262 

.32035 

.25414 

.34073 

.26588 

.36217 

.27784 

.88478 

46 

47 

.24281 

.32068 

.25433 

.34108 

.26007 

.36253 

.27804 

.88512 

47 

48 

.24300 

.32101 

.25452 

.34142 

.26627 

.30290 

.27824 

.88550 

48 

49 

.24330 

.32134 

.25472 

.34177 

.26647 

.36327 

.27^44 

.38589 

49 

60 

.24339 

.32168 

.25491 

.34212 

.26667 

.36363 

.27864 

.38628 

60 

61 

.24358 

.32301 

.25511 

.34247 

.26686 

.36400 

.27884 

.88666 

61 

62 

.24377 

.32234 

.25530 

.34282 

.26706 

.36437 

.27905 

.38705 

62 

68 

.24396 

.32267 

.25549 

.34317 

.26726 

.36474 

.27925 

r  .38744 

63 

64 

.24415 

.32301 

.25569 

.34352 

.26746 

.36511 

.27945 

.38783 

64 

65 

.24434 

.32334 

.25588 

.84387 

.26766 

.36548 

.27965 

.38822 

65 

66 

.24453 

.32368 

.25608 

.34423 

.26785 

.86585 

.27986 

.38860 

56 

67 

.24472 

.32401 

.25627 

.34458 

.26805 

.86622 

.28006 

.88899 

67 

68 

.24491 

.32484 

.25647 

.W493 

.26825 

.86669 

.28026 

.88988 

68 

59 

.24510 

.82468 

.25666 

.84528 

.26845 

.36696 

.28046 

.88077 

69 

"'i 

.24529 

.82501 

.25686 

.34563 

.26865 

.36783 

.28066 

.89016 

60 

[482] 


'ABLE   XXIX.-1TATURAL  VERSED  SINES  AND  EXTERNAL  SECANTS 


/ 

44« 

"Vers. 

Ez.'sec. 

0 

.28066 

.39016 

1 

.28086 

.39055 

2 

.28106 

.39095 

3 

.28127 

.39134 

4 

.28147 

.39173 

5 

.28167 

.39212 

6 

.28187 

.39251 

7 

.28208 

.39291 

8 

.28228 

.39330 

9 

.28248 

.39369 

10 

.28268 

.39409 

11 

.28289 

.39448 

12 

.28309 

.39487 

13 

.28329 

.39527 

14 

.28.S50 

.39566 

15 

.28370 

.39606 

16 

.28390 

.39646 

17 

.28410 

.39685 

18 

.28431 

.39725 

19 

.28451 

.39764 

20 

.28471 

.39804 

21 

.28492 

.39844 

22 

.28512 

.39884 

23 

.28532 

.39924 

24 

.28553 

.39963 

25 

.28573 

.40003 

26 

.28593 

.40043 

27 

.28614 

.40083 

28 

.28634 

.40123 

29 

.28656 

.40163 

30 

,28675 

.40203 

31 

.28695 

.40243 

32 

.28716 

.40283 

33 
34 

.28736 
.28757 

.40324 

.40384 

35 

.28777 

.40404 

36 

.28797 

.40444 

37 

.28818 

.40485 

38 

.28838 

.40525 

39 

.28859 

.40565 

40 

.28879 

.40606 

41 

.28900 

.40646 

42 

.28920 

.40687 

43 

.28941 

.40727 

44 

.28961 

.40768 

45 

.28981 

.40608 

46 

.29002 

.40849 

47 

.29022 

.40890 

48 

.29043 

.40930 

49 

.29063 

.40971 

50 

.29084 

.41012 

51 

.29104 

.41053 

52 

J29125 

.41093 

§3 

.29145 

.41134 

54 

.29166 

.41175 

55 

.29187 

.41216 

56 

.29207 

.41257 

57 

.29228 

.41298 

58 

.29218 

.41339 

50 

.29269 

.41380 

60 

.29289 

.41421 

45< 


Vers. 

.29289 
.29310 
.29830 
.29351 
.29372 
.29392 
.29413 
.29433 
.29454 
.29475 
.29495 

.29516 
.29537 
.29557 
.29578 
.29599 
.29619 
.29640 
.29661 
.29681 
.29702 

.29723 
.29743 
.29764 
.29785 
.29805 
.29826 
.29847 
.29868 
.29888 
.29909 

.29930 
.29951 
.29971 
.29902 
.30013 
.30034 
.80054 
.80075 
.80096 
.30117 

.80138 
.80158 
.80179 
.80200 
.30221 
.30242 
.80263 
.80283 
.80304 
.30325 

.80846 
.30367 
.80388 
.80409 
.30430 
.80451 
.80471 
.30492 
.80513 
.30534 


Ex.  sec, 

.41421 
.41463 
.41504 
.41545 
.41586 
.41627 
.41669 
.41710 
.41752 
.41793 
.41835 

.41876 
.41918 
.41959 
.42001 
.42042 
.42084 
.42126 
.42168 
.42210 
.42251 

.42293 
.42a35 
.42377 

.42419 
.42461 
.42503 
.42545 
.42587 
.42630 
.42672 

.42714 
.42756 
.42799 
.42841 
.42883 
.42926 
.42968 
.43011 
.43053 
.43096 

.48139 
.43181 
.43224 
.43267 
.43310 
.43352 
.43395 
.43438 
.43481 
.43524 

.43567 
.43610 
.43658 
.43696 
.43739 
.43783 
.43826 
.43869 
.43912 
.43956 


46< 


Vers. 


.80534 
.30555 
.80576 
.30597 
.80618 
.80639 
.30660 
.30681 
.30702 
.30723 
.30744 

.80765 
.80786 
.80807 
.30828 
.30849 
.80870 
.80891 
.80912 
.30933 
.30954 

.30975 
.30996 
.31017 
.31038 
.3ia59 
.31080 
.31101 
.81122 
.31143 
.31165 

.81186 
.81207 
.31228 
.31249 
.31270 
.81291 
.81312 
.81334 
.31355 
.31376 

.31397 
.31418 
.31439 
.31461 
.81482 
.31503 
.81524 
.31545 
.31567 
.31588 

.81609 
.31030 
.31651 
.81673 
.81694 
.31715 
.31736 
.31758 
.31'rr9 
.31800 


Ex.  sec. 


.43956 
.43999 
.44042 
.44086 
.44129 
.44173 
.44217 
.44260 
.44304 
.44347 
.44391 

.44435 
.44479 
.44523 
.44567 
.44610 
.44654 
.44698 
.44742 
.44787 
.44831 

.44875 
.44919 
.44968 
.45007 
.45052 
.45096 
.45141 
.45185 
.45229 
.45274 

.45319 
.45363 
.45408 
.45452 
.45497 
.45542 
.45587 
.45631 
.45676 
.45721 

.45766 
.45811 
.45856 
.45901 
.45946 
.45992 
.46037 
.46082 
.46127 
.46173 

.46218 
.46263 
.46309 
.46354 
.46400 
.46445 
.46491 
.46537 
.46582 
.46628 


47* 


Vers. 


.81800 
.31821 
.31843 
.31864 
.31885 
.31907 
.31928 
.81949 
.31971 
.81992 
.32018 

.32035 
.32056 
.32077 
.32099 
.32120 
.32141 
.32163 
.32184 
.32205 
.82227 

.32248 
.82270 
.32291 
.32312 
.32334 
.32355 
.32377 
.32398 
.32420 
.32441 

.32462 
.32484 
.32505 
.32527 
.32548 
.32570 
.32591 
.32613 
.32634 
.32656 

.82677 
.32699 
.82720 
.82742 
.82763 
.82785 
.32806 
.32828 
.32849 
.82871 

.32893 
.32914 
.32936 
.32957 
.32979 
.83001 
.83022 
.83044 
.33065 
.33087 

[483] 


Ex.  sec, 


.46628 
.46674 
.40719 
.46765 
.46811 
.46857 
.46903 
.46949 
.46995 
.47041 
.47087 

.47184 
.47180 
.47226 
.47272 
.47319 
.47865 
.47411 
.47458 
.47504 
.47551 

.47598 
.47644 
.47691 
.47738 
,47784 
.47831 
.47878 
.47925 
.47972 
.48019 

.48066 
.48113 
.48160 
.48207 
.48254 
.48301 
.48349 
.48396 
.48443 
.48491 

.48538 
.48586 
.48633 
.48681 
.48728 
.48776 
.48824 
.48871 
.48919 
.48967 

.49015 
.49063 
.49111 
.49159 
.49207 
.49255 
.49303 
.49351 
.49399 
.49448 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


'ABLE  XX1X.-NATO11AL  VfiaSfiD  SINIES  Al«>  ETWatNAL  SECaKTS. 


«» 

49- 

Vers. 

Ex.  sec. 

Vers. 

1 
Ex.  sec. 

.33087 

.49448 

.»I394 

.52425 

.33109 

.49496 

.34416 

.5!W76 

.33130 

.49544 

.34438 

.52527 

.33152 

.49593 

.34460 

.52579 

.33173 

.49&41 

.34482 

.52630 

.33195 

.49690 

.34504 

.52681 

.33217 

.49788 

.34526 

.52732 

.a^J238 

.49787 

.31548 

.52784 

.33260 

.49835 

.34570 

.52835 

.33282 

.49884 

.34592 

.52886 

.33303 

.49933 

.34614 

.52938 

.33325 

.49981 

.34636 

.52989 

.33347 

.50080 

.34658 

.53041 

.33368 

.50079 

.34680 

.63092 

.33390 

.50128 

.34702 

.58144 

.33412 

.50177 

.347^ 

.53196 

.33434 

.50226 

.84746 

.53a47 

.a3455 

.50275 

.84768 

.53299 

.33477 

.50824 

.34790 

.53351 

.33499 

.50378 

.84812 

.53403 

.aS520 

.50422 

.84834 

.58455 

.33542 

.50471 

.34856 

.53507 

.33564 

.60521 

.34878 

.53559 

.33586 

.50570 

.34900 

.58611 

.33607 

.50619 

.34923 

.63663 

.33629 

.50669 

.31»45 

.53715 

.33651 

.50718 

.84967 

.63768 

.33673 

.5076T 

.34989 

.53820 

.33694 

.50817 

.35011 

.53872 

.a3716 

.50866 

.35033 

.53924 

.33738 

.50916 

.35065 

.53977 

.33760 

.50966 

.35077 

.54029 

.33782 

.51015 

.35099 

.54082 

.33803 

.51065 

.35122 

.54184 

.33825 

.51115 

.85144 

.54187 

.33847 

.51165 

.35166 

.54240 

.33869 

.51215 

.35188 

.54292 

.38891 

.51265 

.85210 

.54345 

.33912 

.51314 

.85232 

.54398 

.33934 

.51364 

.35254 

.54451 

.33956 

.51415 

.35277 

.54504 

.33978 

.61465 

.85299 

.54557 

.34000 

.51515 

.35321 

.54610 

.31022 

.51565 

.35348 

.54663 

.34044 

.51615 

.35365 

.54716 

.34065 

.61665 

.35388 

.54769 

.34087 

.51716 

.85410 

.54822 

.34109 

.61766 

.85432 

.54876 

.34131 

.51817 

.35454 

.54929 

.34153 

.51867 

.35476 

.54982 

.34175 

.51918 

.35499 

.55036 

.34197 

.61968 

.35521 

.56089 

.34219 

.52019 

.85&43 

.55143 

.ai^i 

.52069 

.35566 

.56190 

.34262 

.52120 

.a5588 

.55250 

.34284 

.52171 

.35610 

.55303 

.34306 

.52222 

.35632 

.55357 

.34328 

.52273 

.35654 

.55411 

.ai350 

.52323 

.35677 

.55465 

.34372 

.52374 

.35699 

.55518 

.34394 

.52425  1 

.35721 

.65572 

50' 


Vers. 


.35721 
.36744 
.85766 
.85788 
.85810 
.35833 
.35a55 
.35877 
.a5900 
.85922 
.36944 

.35967 
.35989 
.36011 
.36084 
.36056 
.36078 
.36101 
.86123 
.36146 
.36168 

.36190 
.86213 
.36235 
.36258 
.36280 
.36302 
.36325 
.36347 
.36370 
.36392 

.36415 
.36487 
.36460 
.36482 
.36504 
.36527 
.36549 
.36572 
.36594 
.36617 

.36639 
.36662 
.36684 
.36707 
.36729 
.36752 
.86775 
.36797 
.36820 
.36842 

.36865 
.36887 
.36910 
.36932 
.30955 
.36978 
.37000 
.37023 
.37045 
.37068 


Ex.  sec. 


.55572 
.65626 
.55680 
.56734 
.55789 
.55843 
..55897 
.55951 
.56005 
.66060 
.66114 

.56109 
.66223 
.56278 
.56332 
.56387 
.56442 
.66497 
.56551 
.56606 
.66661 

.56716 
.66771 
.56826 
.66881 
.56937 
.56992 
.57047 
.57103 
.57158 

.6rai8 

.67289 
.67824 
.67880 
.57436 
.67491 
.67547 
.57608 
.57659 
.57715 
.57771 

.57827 
.57883 
.67939 
.67995 
.58051 
.58108 
.58164 
.58221 
.58277 
.68833 

.58390 
.58447 
.58508 
.68560 
.68617 
.68674 
.58731 
.58788 
.68846 
.58902 


bV 

Vers. 

Ex.  sec. 

.87068 

.68902 

.37091 

.58959 

.37113 

.59016 

.37186 

.5907:i 

.87158 

.59130 

.37181 

.50188 

.37204 

.59245 

.37226 

.59902 

.37249 

.59360 

.3'.'272 

.5»418 

.37294 

.5M75 

.37317 

.59533 

.37340 

.59590 

.37362 

.59648 

.87885 

.59706 

.87408 

.59764 

.87430 

.59622 

.37453 

.69880 

.37476 

.59938 

.87498 

.59996 

.37521 

.60054 

.87544 

.60112 

.37567 

.60171 

.37589 

.60229 

.37612 

.60287 

.37685 

.60346 

.37658 

.60404 

.37680 

.60463 

.37703 

.60521 

.37726 

.60580 

,37749 

.60639 

.87771 

.60696 

.87794 

.60756 

.37817 

.60815 

.37840 

.60874 

.37862 

.60933 

.378a5 

.60992 

.37908 

.61051 

.87931 

.61111 

.37954 

.61170 

.37976 

.61229 

.37999 

.61288 

.88022 

.61848 

.88045 

.61407 

.88068 

.61467 

.88091 

.61526 

.38118 

.61586 

.38136 

.61646 

.38169 

.61705 

.38182 

.61765 

.38205 

.61825 

.88228 

.61885 

.88251 

.61945 

.38274 

.62005 

.38296 

.62066 

.38819 

.62125 

.88842 

.62185 

.38365 

.62216 

.38388 

.62306 

.38411 

.62366 

.38434 

.624S7 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
S3 
84 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
63 
63 
54 
55 
56 
67 
58 
59 
60 
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TAfeLlJ  X3tll.-NATtJllAL  VERSED  SlKfiS  ANt)  EXTERNAL  SEC 


/ 

62» 

Vers. 

-  1 
Ex.  sec. 

0 

.38434 

.6^427 

1 

.38457 

.62487 

2 

.3^80 

.62548 

3 

.38503 

.62609 

4 

.38526 

.62669 

5 

.3a'>49 

.62730 

6 

.38571 

.62791 

7 

.38594 

.62852 

8 

.38617 

.62913 

9 

.38640 

.62974 

10 

.38663 

1  .63035 

11 

.38686 

.63096 

12 

.38709 

.63157 

13 

.38732 

.63218 

14 

.38755 

.63279 

15 

.38778 

.63341 

18 

.38801 

.63402 

17 

.38824 

.63464 

18 

.38847 

.63525 

10 

.38870 

.6a')87 

20 

.38893 

.63648 

21 

.38916 

.63710 

22 

.38939 

.63772 

23 

.38962 

.63834 

^ 

.38985 

.63895 

25 

,39009 

.63957 

26 

.39032 

.64019 

27 

.39055 

.64081 

28 

.39078 

.64144 

29 

.3{)101 

.64206 

30 

.391»4 

.64268 

31 

.39147 

.W330 

32 

.39170 

.64398 

33 

.39193 

.64456 

34 

.39216 

.64518 

35 

.39239 

.64580 

36 

.39262 

.64643 

37 

.39286 

.64705 

38 

.39309 

.64768 

39 

.39332 

.64831 

40 

.39355 

.64894 

41 

.39378 

.64957 

42 

.39401 

.65020 

43 

.3&i24 

.65083 

44 

.39447 

.65146 

45 

.39471 

.65209 

46 

.39494 

.65272 

47 

.39517 

.65336 

48 

.39540 

.65399 

49 

.39563 

.65462 

50 

.39586 

.65526 

51 

.39610 

.65589 

52 

.39633 

.65653 

53 

.39656 

.65717 

54 

.39679 

,65780 

55 

.39702 

.65844 

56 

.39726 

.65908 

57 

.39749 

.6.5972 

58 

Mrr2 

.66036 

59 

.39795 

.66100 

60 

.39619 

.66164 

§3« 

Vers. 

Ex.  sec. 

.39819 

.66164 

.39842 

.66228 

.39865 

.66292 

.39888 

.66357 

.39911 

.66421 

.39935 

.66486 

.39958 

.66550 

.39981 

.66615 

.40005 

.66679 

.40028 

.66744 

.40051 

.66809 

.40074 

.66873 

.40098 

,66938 

.40121 

.67003 

.40144 

.67068 

.40168 

.67ias 

.40191 

.67199 

.40214 

.67264 

.40237 

.67329 

.40261 

.67394 

.40284 

.67460 

.40307 

.67525 

.40331 

.67591 

..40354 

.67656 

.40378 

.67722 

.40401 

.67788 

.40424 

.67853 

.40448 

.67919 

.40471 

.67985 

.40494 

.68051 

.40518 

.68117 

.40541 

.68183 

.4(»65 

.68250 

.40588 

.68316 

.40611 

.68382 

.40635 

.68449 

.40658 

.68515 

.40682 

.68582 

.40705 

.68648 

.40728 

.68715 

.40752 

.68782 

.40775 

.68848 

.40799 

.68915 

.40822 

.68982 

.40846 

.69049 

.40869 

.69116 

.40893 

.69183 

.40916 

.69250 

.40939 

.69318 

.40963 

.69385 

.40986 

.69452 

.41010 

.69520 

.41033 

.69587 

.41057 

.69655 

.41080 

.69723 

.41104 

.69790 

.41127 

.69858 

.41151 

.69926 

.41174 

.69994 

.41198 

.70062 

,41221 

.70130 

64. 

Vers. 

Ex.  sec. 

.41221 

.70130 

.41345 

.70198 

.41269 

.70267 

.41292 

.70335 

.41316 

.70403 

.41339 

.70472 

.41363 

.70540 

.41386 

.70609 

.41410 

.70677 

.41433 

.70746 

.41457 

.70815 

.41481 

.70884 

.41504 

.70953 

.41528 

.71022 

.41551 

.71091 

.41575 

.71160 

.41599 

.71229 

.41622 

.71298 

.41646 

.71368 

.41670 

.71437 

.41693 

.71506 

.41717 

.71576 

.41740 

.71646 

.41764 

.71715 

.41788 

.71786 

.41811 

.71855 

.41835 

.71925 

.41859 

.71995 

.41882 

.72065 

.41906 

.72135 

.41930 

.72206 

.41953 

.72275 

.41977 

.72346 

.42001 

.72416 

.42024 

.72487 

.42048 

.72557 

.42072 

.72628 

.42096 

.72698 

.42119 

.72769 

.42143 

.72840 

.42167 

.72911 

.42191 

.72982 

.42214 

.73053 

.42238 

.731^ 

.42262 

.73195 

.42285 

.73267 

.42309 

.73a38  ; 

.42:333 

.73409  1 

.42357 

.73481 

.42381 

.73552 

.42404 

.73624 

.42428 

.73696 

.4^52 

.73768 

.42476 

.73840 

.42499 

.73911 

.42.523 

.73983 

.425-47 

74056 

.42.571 

.74128 

.425f)5 

.74200 

.42619 

.7427^  i 

.42(^12 

.74;«5  1 

SS'* 

Vers. 

Ex.  sec 

42642 

.74345 

.42666 

.74417 

.42690 

.744m 

.42714 

.74562 

.42738 

.746:35 

.42762 

.74708 

.42785 

.74781 

.42809 

.74aM 

.42883 

.74927 

.42867 

.75000 

.42881 

.75073 

.42906 

.75146 

.42929 

.75219 

.42953 

.75293 

.42976 

.75366 

.43000 

.75440 

.43024 

.7551:3 

.43048 

.75587 

.43072 

.75«)1 

.43096 

.75734 

.43120 

.75808 

.43144 

.75882 

.43168 

.75956 

.43192 

.76031 

.43216 

.76105 

.43240 

.76179 

.43264 

.76253 

.43287 

.76328 

.43311 

.70402 

.43335 

.70477 

.43359 

.76552 

.43383 

.76626 

.43407 

.76701 

.43431 

.76776 

.43456 

.76851 

.43479 

.76926 

.43503 

.77001 

.43527 

,7707r 

.43561 

.77152 

.43575 

.77227 

.43599 

.77303 

.43623 

.77878 

.43647 

.77454 

.43671 

.775:30 

.43695 

.77606 

.43720 

.77681 

.43744 

.77757 

.43768 

.778a3 

.43792 

.77910 

.43816 

.77986 

.43840 

.78062 

.43864 

.78138 

.43888 

.78215 

.43912 

.78291 

.43936 

.78368 

.43960 

.78445 

.43984 

.78521 

.44008 

.7a598 

.44082 

.7*575 

.44057 

.78752 

.44081 

.78829 

[485] 


E  XXIX-NATUBAL  VEBSED  SINES  AND  EXTERNAL  SECAKTa 


66< 


Vers. 


.44061 
.44105 
.44129 
.44153 
.44177 
.44201 
.44225 
.44250 
.44274 
.44296 
.44322 

.44346 
.44370 
.44395 
.44419 
.44443 
.44467 
.44491 
.44516 
.44540 
.44564 

.44588 
.44612 
.44637 
.44661 
.44685 
.44709 
.44r34 
.44758 
.44782 
.44806 

.44831 
.44855 
.44879 
.44903 
.44928 
.44952 
.44976 
.45001 
.45025 
.45049 

.45078 
.45096 
.45122 
.45146 
.46171 
.45195 
.45219 
.45244 
.45268 
.45292 

.46317 
.45341 
.45365 
.45390 
.45414 
.46439 
.45463 
.45487 
.45512 
.45536 


Ex.  sec. 


.78829 
.78906 
.78964 
.79061 
.79188 
.79216 
.79293 
.79371 
.79449 
.79527 
.79601 

.79682 
.79761 
.79889 
.79917 
.79995 
.80074 
.60152 
.80281 
.60809 
.80388 

.80467 
.80546 
.80625 

.80704 
.80783 
.80862 
.80942 
.81021 
.81101 
.81180 

.81260 
.81340 
.81419 
.81499 
.81579 
.81659 
.81740 
.81820 
.81900 
.81961 

.82061 
.82142 
.82222 
.82303 
.82384 
.82465 
.82546 
.82627 
.82709 
.82790 

.82871 
.82953 
.63034 
.63116 
.83198 
.83260 
.83362 
.83444 
.83526 
.83608 


57' 


Vers. 


Ex.  sec. 


58< 


Vers. 


.46636 

.45660 
.45686 

.46609 
.45634 
.45658 
.46683 
.46707 
.45731 
.45756 
.45780 

.46805 
.45829 
.45854 
.45878 
.46903 
.46927 
.46951 
.45976 
.46000 
.46025 

.46049 
.46074 
.46098 
.46123 
.46147 
.46172 
.46196 
.46221 
.46246 
.46270 

.46295 
.46319 
.46344 
.46368 
.46393 
.46417 
.46442 
.46466 
.46491 
.46516 

.46540 
.46565 
.46689 
.46614 
.46639 
.46663 
.46688 
.46712 
.46737 
.46762 

.46786 
.46811 
.46836 
.46860 
.46885 
.46909 
.46934 
.46959 
.46983 
.47008 


.83606 
.88690 
.88773 
.83665 
.83936 
.84020 
.84103 
.84186 
.84269 
.84a'>2 
.84436  ;< 

.64618 

.64601 

.84< 

.6471 

.64852 

.84935  I 

.85019  i 

.85103 

.85187 

.65271 

.65355 
.85439 
.65623 
.86606 
.85692 
.85777 
.85861 
.86946 
.86031 
.86116 

.86201 
.86266 
.86371 
.86467 
.66542 
.86627 
.86713 
.86799 
.86885 
.66970 

.87056 

.87142 
.87229 
.87315 
.87401 
.87488 
.87574 
.87661 
.87746 
.87834 

.87921 
.88008 
.88095 
.88183 
.68270 
.88357 
.88445 
.88532 
.88620 
.88708 


.47006 
.47083 
.47067 
.47062 
.4n07 
.47131 
.47156 
.47181 
.47306 
.47230 
.47256 

.47280 
.47304 
.47329 
.47354 
.47379 
.47403 
.47426 
.47453 
.47478 
.47603 

.47687 
.47652 
.47577 
.47601 
.47626 
.47651 
.47676 
.47701 
.47725 
.47750 

.47776 

.47800 
.47825 
.47849 
.47874 
.47899 
.47924 
.47949 
.47974 
.47998 

.48023 

.46046 
.48073 
.48096 
.48123 
.48146 
.48172 
.48197 
.48222 
.48247 

.48272 

.48297 
.4^322 
.48347 
.48372 
.48396 
.48421 
.48446 
.48471 
.48496 


Ex.  sec. 


.88706 
.86796 
.88884 
.88072 
.89060 
.89148 
.89287 
.69826 
.89414 
.89603 
.89591 

.89660 
.89769 
.89868 
.69948 
.90067 
.90126 
.90216 
.90805 
.90896 
.90485 

.90576 
.90665 
.90756 
.90645' 
.90935 
.91026 
.91116 
.91207 
.91297 
.9i388 

.91479 
.91570 
.91661 
.91752 
.91644 
.91936 
.92027 
.92116 
.92210 
.92302 

.92894 
.92486 
.9.2578 
.92670 
.92762 
.92865 
.92947 
.93040 
.93133 
.93226 

.93319 
.93412 
.93505 
.93596 
.93692 
.93785 
.93879 
.93973 
.94066 
.94160 


69* 

M 

Vers. 

1 

Ex.  sec. 

m 

.48496 

.94160 

0 

.46621 

.94264 

1 

i  .48546 

.94349 

2 

.48671 

.94443 

3 

.48696 

.94637 

4 

.46621 

.94632 

6 

.48646 

.94726 

6 

.48671 

.94821 

7 

.48696 

.94916 

8 

.48721 

.96011 

9 

.48746 

.96106 

10 

.48771 

.96201 

11 

.48';96 

.95296 

12 

.48621 

.95392 

13 

.48846 

.96487 

14 

.48871 

.95588 

15 

.48896 

.96678 

16 

.48921 

.95774 

17 

.48946 

.95870 

18 

.48971 

.96966 

19 

.46996 

.96062 

20 

.49021 

.96158 

21 

.49046 

.96256 

22 

.49071 

.96351 

23 

.49096 

.96448 

24 

.49121 

.96544 

25 

.49146 

.96641 

26 

.49171 

.96788 

27 

.49196 

.96636 

28 

.49221 

.96932 

29 

.49246 

.97029 

30 

.40271 

.97127 

31 

.49296 

.97224 

32 

.49321 

.97322 

33 

.49346 

.97420 

34 

.49372 

.97517 

35 

.49397 

.97615 

86 

.49422 

.97713 

87 

.49447 

.97811 

88 

.49472 

.97910 

89 

.49497 

.96006 

40 

.49622 

.96107 

41 

.49547 

.98205 

42 

.49672 

.98304 

43 

.49697 

.98403 

44 

.49623 

.96502 

46 

.49648 

.96601 

46 

.49678 

.96700 

47 

.49696 

.96799 

48 

A9fr2S 

.98899 

49 

.49748 

.96996 

50 

.49773 

.99096 

51 

.49799 

.99198 

52 

.496&J4 

.99298 

63 

.49849 

.99398 

64 

.49674 

.99498 

65 

.49699 

.99598 

66 

.49924 

.99696 

67 

.49950 

.99799 

68 

.49975 

.99899 

69 

.60000 

1.00000 

60 
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0 

eo- 

Vers. 

Ex  .86 

.50000 

1.00000 

1 

.60026 

1.00101 

2 

.60060 

1.00202 

8 

.60076 

1.00903 

4 

.60101 

1.00404 

5 

.60126 

1.00605 

6 

.60151 

1.00607 

7 

.60176 

1.00708 

8 

.60202 

1.00810 

9 

.50227 

1.00912 

10 

.60262 

1.01014 

11 

.60277 

1.01116 

12 

.50608 

1.01218 

13 

.60828 

1.01320 

14 

•.60868 

1.01422 

15 

.60878 

1.01525 

16 

.60404 

1.01628 

17 

.60429 

1.01730 

18 

.60454 

1.01883 

19 

.50479 

1.01986 

20 

.60606 

1.02089 

21 

.60580 

1.02148 

22 

.50665 

1.02246 

23 

.60681 

1.02349 

24 

.50606 

1.02458 

25 

.60681 

1.02557 

26 

.60666 

1.02661 

27 

.60682 

1.02765 

28 

.50707 

1.02869 

29 

.60732 

1.02978 

30 

.60758 

i.oaorr 

31 

.60788 

1.03182 

32 

.60606 

1.03286 

33 

.60634 

1.03891 

34 

.60659 

1.03496 

35 

.60684 

1.03601 

36 

.50010 

1.03706 

87 

.50085 

1.03811 

38 

.50960 

1.03916 

39 

.60986 

1.04022 

40 

.51011 

1.04128 

41 

.51086 

1.04288 

42 

.51062 

1.04830 

43 

.61087 

1.04445 

44 

.51113 

1.04551 

45 

.51188 

1.04658 

46 

.gn68 

1.04764 

47 

.51180 

1.04870 

48 

.51214 

1.04977 

49 

.61239 

1.05084 

50 

.51265 

1.05191 

51 

.51200 

1.05298 

52 

.51316 

1.05405 

53 

.51841 

1.05512 

54 

.51866 

1.05619 

55 

.51892 

1.05727 

56 

.51417 

1.06885 

57 

.61448 

1.05942 

58 

.51468 

1.06060 

59 

.51494 

1.06168 

eo 

.61619 

1.06267 

ev 


Vers. 


Ex.  sec. 


.51519 
.51544 
.51570 
.51595 
.51621 
.51646 
.51672 
.61697 
.61723 
.51748 
.5K74 

.51799 
.51825 
.51860 
.51876 
.61901 
.61927 
.51952 
.61978 
.52003 
.52029 

.52054 
.52060 
.52105 
.52131 
.62156 
.52182 
.52207 
.52233 
.52259 
.52284 

.62310 
.52335 
.52361 
.52386 
.52412 
.62438 
.52463 
.52480 
.52514 
.52540 

.52566 
.52591 
.62617 
.52642 
.52668 
.52694 
.52719 
.52745 
.52771 
.52796 

.62822 
.62848 
.52873 
.52899 
.52924 
.52950 
.62976 
.63001 
.68027 
.68053 


.06267 
.06876 
.06483 
.06692 
.06701 
.06809 
.06918 
.07027 
.07137 
.07246 
.07866 

.07465 
.07575 
.07686 
.07795 
.07905 
.06015 
.08126 
.08236 
.06847 
.06468 

.08669 
.06680 
.06791 
.06908 
.09014 
.09126 
.09238 
.00860 
.09462 
.09674 

.09686 
.09799 
.09911 
.10024 
.10187 
.10250 
.10868 
.10477 
.10590 
.10704 

.10617 
.10931 
.11045 
.11159 
.11274 
.11888 
.11603 
.11617 
.11732 
.11847 

.11968 
.12078 
.12193 
.12309 
.12425 
.12540 
.12657 
.12778 
.12889 
.18005 


62< 


Vers. 


.53068 
.63079 
.68104 
.53130 
.53156 
.53181 
.58207 
.53288 
.53258 
.63284 
.63810 

.53886 
.58361 
.53387 
.53413 
.53439 
.63464 
.53490 
.63516 
.53542 
.58567 

.53698 
.58619 
.53645 
.58670 
.53696 
.68722 
.58748 
.58774 
.68799 
.68825 

.58851 
.53877 
.53903 
.53928 
.53954 
.53960 
.54006 
.54032 
.54058 
.54083 

.64109 
.54136 
.54161 
.64187 
.54213 
.54238 
.54264 
.54290 
.54316 
.54342 

.54368 
.54394 
.54420 
.51446 
.54471 
.54497 
.54523 
.54549 
.54675 
.54601 


Ex.  sec. 


8005 
3122 
3239 
3356 
3473 
3590 
3707 
3826 
3942 
4060 
4178 

4296 
4414 
4588 
4661 
4770 
4889 
5006 
5127 
5246 
5366 

6486 
5605 
5725 
5845 
5965 
6085 
6206 
6326 
6447 
6568 

6689 
6810 
6932 
7058 
7176 
7297 
7419 
7541 
7663 
7786 

7909 
8031 
8154 
8277 
8401 
8524 
8648 
8772 
8895 
9010 

9144 
9268 
9393 
9517 
9642 
9767 
9892 
.20018 
.20143 
.20269 


63< 


Vers. 


.54601 
.54627 
.54653 
.54679 
.54705 
.54731 
.54757 
.54782 
.64806 
.54834 
.64860 

.54866 
.64912 
.64988 
.54964 
.64990 
.65016 
.55042 
.55068 
.55094 
.55120 

.55146 
.55172 
.66198 
.66224 
.55250 
.56276 
.56302 
.65328 
.65854 
.55380 

.65406 
.56432 
.65458 
.55484 
.56510 
.55536 
.55563 
.55589 
.55615 
.55641 

.55667 
.65693 
.55719 
.55745 
.55771 
.55797 
.55823 
.55849 
.55876 
.55902 

.65928 
.55954 
.56980 
.56006 
.56032 
.56058 
.66064 
.56111 
.56187 
.56163 


Ex.  sec. 


1.20269 
1.20895 
1.20621 
1.20647 
1.20773 
1.20900 
1.21026 
1.21153 
1.21280 
1.21407 
1.21586 

1.21662 

1.21790 

1.21918 

1.22045 

1.22174 

1.22802 

1.22480  il7 

1.22559  18 

1.22688 

1.22817 

1.22946 
1.23075 
1.23205 
1.23834 
1.23464 
1.23594 
1.23724 
1.28855 
1.28985 
1.24116 

1.24247 
1.24878 
1.24509 
1.24640 
1.24772 
1.24903 
1.25085 
1  25167 
1.25300 
1.25432 

1.25565 
1.25697 
1.25830 
1.25963 
1.26097 
1.26280 
1.263&4 
1.2&498 
1.26632 
1.26766 

1.26900 
1.27085 
1.27169 
1.27304 
1.27439 
1.27574 
1.27710 
1.27845 
1.27961 
1.28117 


[487] 


LE  XXIX.-^NATURAL  VERSED  SINES  AND  EXTERNAL  SEOANTa 


w 

65» 

66. 

ev 

0 

Vers. 

Ex.  sec. 

Vers. 

Kx.  sec. 

1 

Vers. 

1 

i 

Ex.  sec.' 

Vers. 

Ex.  sec. 

.56163 

1.28117 

.67788 

1.86620  i 

.69326 

1.45659 

.60927 

1.56930 

.56189 

1.28253 

.57766 

1.86768  ; 

.60353 

1.46020 

.60954 

1. 56106 

1 

.56215 

1.28390 

.57791 

1.36916  ! 

.59879 

1.46181  , 

.60960 

1.56282 

2 

.56241 

1.28526 

.67817 

1.87064  1 

.60406 

1.46342  , 

.61007 

1.56458 

3 

.56267 

1.28663 

.57844 

1.87212  • 

.60433 

1.46604  < 

.61034 

1.56634 

4 

.56294 

1.28800 

.57870 

1.87361  ! 

.50459 

1.46666  i 

.61061 

1.66811 

5 

.56320 

1.28937 

.57896 

1.37509  ! 

.69486 

1.46827  ' 

.61088 

1.56988 

6 

.56346 

1.29074 

.67923 

1.37658 

.69512 

1.46069  1 

.61114 

1.67165 

7 

.56372 

1.29211 

.57949 

1.37808 

.59639 

1.47152 

.61141 

1.57342 

6 

.56398 

1.29349 

.67W6 

1.37957 

.69566 

1.47314 

.61168 

1.57520 

9 

.56425 

1.29487 

.58002 

1.8810; 

.89692 

1.47477  ' 

.61195 

1.57696 

10 

.56451 

1.296S5 

.58028 

1.38256 

.59619 

1.47640  ! 

.61222 

1.57878 

11 

.56477 

1-29763 

.58055 

1.88406 

.69645 

1.47804  . 

.61248 

1.56054 

12 

.56503 

1.29901 

.58081 

1.88656 

.50672 

1.47067 

.61275 

1.58233 

13 

.56529 

1.30040 

.68106 

1.88707 

.59699 

1.48131 

.61802 

1.58412 

14 

.56555 

1.30179 

.68134 

1.38857 

.60725 

1.48295 

.61329 

1.58591 

16 

.56582 

1.30318 

.68160 

1.89008 

.60752 

1.48459 

.61366 

1.68771 

16 

.56608 

1.80467 

.68187 

1.39169 

.50779 

1.48624 

.61383 

1.56950 

17 

.56634 

1.30596 

.58213 

1.39311 

.69805 

1.48789 

.61409 

1.69130 

18 

.56660 

1.30735 

.68240 

1.39462 

.69832 

1.48964 

.61436 

1.50311 

19 

.56687 

1.30675 

.68266 

1.39614 

.59659 

1.49119 

.61468 

1.50491 

SO 

.56713 

1.31015 

.58293 

1.39786 

.59685 

1.49284 

.61490 

1.50672 

21 

.56739 

1.31165 

.68319 

1.39918 

.59912 

1.40450 

.61517 

1.69653 

22 

.56765 

1.31295 

.68345 

1.40070 

.59988 

1.49616 

.61544 

1.60035 

23 

.56791 

1.31486 

.68372 

1.40222 

.69965 

1.49782 

.61570 

1.60817 

24 

.56818 

1.31576 

.58396 

1.40375 

.59992 

1.49048 

.61607 

1.60899 

25 

.56844 

1.31717 

.58425 

1.40628 

.60018 

1.50115 

.61624 

1.60581 

26 

.56870 

1.31858 

.58451 

1.40681 

.60045 

1.50262 

.61651 

1.60763 

27 

.56896 

1.31999 

.58478 

1.40835 

.60072 

1.60449 

.61678 

1.60946 

28 

.56923 

1.32140 

.68504 

1.40988 

.60096 

1.50617 

.61705 

1.61129 

29 

.56949 

1.82282 

.68531 

1.41142 

.60125 

1.60784 

.61782 

1.61313 

30 

.56975 

1.324^ 

.58557 

1.41296 

.60152 

1.50952 

.61759 

1.61496 

31 

.57001 

1.32566 

.58584 

1.41450 

.60178 

1.51120  1 

.61785 

1.61680 

32 

.57028 

1.32708 

.58610 

1.41605 

.60205 

1.51289 

.61812 

1.61864 

33 

.57054 

1.32850 

.68637 

1.41760 

.60232 

1.61457 

.61839 

1.62049 

S4 

.57080 

1.32993 

.58663 

1.41914 

.60259 

1 .51626 

.61866 

1.62234 

35 

.57106 

1.33135 

.58690 

1.42070 

.602a5 

1.51795 

.61893 

1.62419 

36 

.57183 

1.33278 

.58716 

1.42225 

.60812 

1.51966 

.61920 

1.62604 

37 

.57159 

1.33422 

.58743 

1.42380 

.60339 

1.52134 

.61947 

1.62790 

38 

.57185 

1.33565 

.58769 

1.42636 

.60365 

1.52804 

.61974 

1.62978 

39 

.57212 

1.33708 

.68796 

1.42692 

.60892 

1.52474 

.62001 

1.63162 

40 

.57238 

1.33852 

.68822 

1.42848 

.60419 

1.52645 

.62027 

1.63348 

41 

.57264 

1.33996 

.58849 

1.43006 

.60445 

1.62815  1 

.62054 

1.63635 

42 

.57291 

1.34140 

.58875 

1.43162 

.60472 

1.62986 

.62081 

1.63722 

43 

.57317 

1.34284 

.58902 

1.43318 

.60499 

1.53157 

.62106 

1.63909 

44 

.57;M3 

l.a4429 

.58928 

1.43476 

.60626 

1.58329 

.62135 

1.64097 

45 

.57369 

1.34573 

.58955 

1.43633 

.605.52 

1.53500 

.62162. 

1.6«965 

46 

.57396 

l.a4718 

.68981 

1.48790 

.60579 

1.53672  1 

.62189 

1.64473 

47 

.57422 

1.34863 

.59008 

1.43948 

.60606 

1.53846 

.62216 

1.64662 

48 

.57448 

1.36009 

.59034 

1.44106 

.60633 

1.. 54017  ! 

.62248 

1.64851 

49 

.57475 

1.85154 

.69061 

1.44264 

.60659 

1.64190 

.62270 

1.66040 

50 

.57501 

1.35800 

.59087 

1.44423 

.60686 

1.64863 

.62297 

1.65229 

51 

.57527 

1.35446 

.69114 

1.44582 

.60713 

l..'W536 

.62324 

1.65419 

52 

.57554 

1.35592 

.59140 

1.44741 

.60740 

1.54709 

.62351 

1.65609 

53 

.57580 

1.35738 

.59167 

1.44900 

.60766 

1.54883 

.62378 

1.65799 

54 

.57606 

1.35885 

.591&4 

1.45059 

.60793 

1.56057 

.62405 

1.65969 

55 

.57633 

1.36031 

.69220 

1.45219 

.60820 

1.55231 

.62431 

1.66160 

56 

.57659 

1.36178 

.69247 

1.4.5378 

.60H47 

1.55405 

.62458 

1.66371 

67 

.576a5 

1.36325 

.69273 

1.45539 

.60873 

1.65580 

.62485 

1.66663 

58 

.57712 

1.36473 

.59300 

1.45099 

.60900 

1.65756 

.62612 

l.GffiSS 

59 

.5'rr38 

1.36620 

.59326 

1.45859 

.60927 

1.55930 

.62539 

1.66947  60 
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68' 


Vers. 


.62539 
.62566 
.62593 
.62620 
.62647 
.63674 
.62701 
.62728 
.62755 
.62782 
.62809 

.62836 
.62863 
.62890 
.62917 
.62944 
.62971 
.62998 
.63025 
.63052 
.63079 

.63106 
.63133 
.63161 
.63188 
.63215 
.63242 
.63269 
.63296 
.63323 
.63350 

.63377 
.63404 
.63431 
.63458 
.63485 
.63512 
.63539 
.63566 
.63594 
.&3621 

.63648 
.63675 
.63702 
.63729 
.63756 
.637a3 
.63810 
.63838 
.63865 
.63892 

.63919 
.63946 
.63973 
.64000 
.64027 
.61056 
.64082 
.64109 
.64136 
.64163 


Ex.  Bee. 


.66947 
.67139 
.6r332 
.67525 
.67718 
.67911 
.68105 
.68299 
MiM 
.68689 
.68884 

.69079 
.69275 
.69471 
.69667 
.69864 
.70061 
.70258 
.70455 
.70653 
.70851 

.71050 
.71249 
.71448 
.71647 
.71847 
.72047 
.72247 
.72448 
.72649 
.72850 

.73052 
.73254 
.73456 
.73659 
.73862 
.74065 
.74269 
.74473 
.74677 
.74881 

.75086 
.75292 
.75497 
.75703 
.75909 
.76116 
.76823 
.76530 
.76737 
.76945 

.77154 
.77362 
.77571 
77780 
.77990 
.78200 
.78410 
.78621 
.78832 
.79043 


ea** 

70° 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

.64163 

1.79043 

.65798 

1.92380 

.64190 

1.79254 

.65825 

1.92614 

.64218 

1.79466 

.65853 

1.92849 

.64245 

1.79679 

.65880 

1.93083 

.64273 

1.79891 

.65907 

1.93318 

.64299 

1.801O4 

.65935 

1.93554 

.64326 

1.80318 

.65962 

1.93790 

.64353 

1.80531 

.65989 

1.94026 

.64381 

1.80746 

.66017 

•1.94263 

.64408 

1.80960 

.66044 

1.94500 

.64436 

1.81175 

.66071 

1.94737 

.64462 

1.81390 

.66099 

1.94975 

.64489 

1.81605 

.66126 

1.95213 

.64517 

1.81821 

.66154 

1.95452 

.64544 

1.82037 

.66181 

1.95691 

.64571 

1.82254 

.66208 

1.95931 

.64598 

1.82471 

.66236 

1.96171 

.64625 

1.82688 

.66263 

1.96411 

.64653 

1.82906 

.66290 

1.96652 

.64680 

1.83124 

.66318 

1.96893 

.64707 

1.83342 

.66345 

1.^135 

.64734 

1.83561 

.66373 

1.97377 

.64761 

1.83780 

.66400 

1.97619 

.64789 

1.83999 

.66427 

1.97862 

.64816 

1.84219 

.66455 

1.98106 

.64843 

1.84439 

.66482 

1.98349 

.64870 

1.84659 

.66510 

1.965W 

.64898 

1.84880 

.66537 

1.98838 

.64925 

1.85102 

.66564 

1.99083 

.64952 

l.a5323 

.66592 

1.99329 

.64979 

1.85545 

.66619 

1.99574 

.65007 

1.85767 

.66647 

1.99821 

.65034 

l.a5990 

.66674 

2.00067 

.65061 

1.86213 

.66702 

2.00315 

.65088 

1.86437 

.66729 

2.00562 

.65116 

1.86661 

.66756 

2.00810 

.65143 

1.86885 

.66784 

2.01059 

.65170 

1.87109 

.66811 

2.01308 

.65197 

1.87334 

.66839 

2.01557 

.65225 

1.875(50 

.66866 

2.01807 

.65252 

1.87785 

.668iM 

2.02057 

.65279 

1.88011 

.66921 

2.02308 

.65306 

1.88238 

.66949 

2.02559 

.65334 

1.88465 

.66976 

2.02810 

.65361 

1.88692 

.67003 

2.03062 

.65388 

1.88920 

.67031 

2.03315 

.65416 

1.89148 

.67058 

2.03568 

.65443 

1.89376 

.67086 

2.03821 

.6.^70 

1.89605 

.67113 

2.04075 

.65497 

1.89834 

.67141 

2.04329 

.65525 

1.90063 

.67168 

2.045^ 

.65552 

1.90293 

.67196 

2.04839 

.65579 

1.90524 

.67223 

2.05094 

.65607 

1.90754 

.67251 

2.05350 

.65634 

1.90986 

.67278 

2.05607 

.65661 

1.91217 

.67306 

2.05864 

.65689 

1.91449 

.6';'333 

2.06121 

.65716 

1.91G81 

.67361 

2.06379 

.65743 

1.91914 

.67388 

2.0663? 

.a5771 

1.92147 

.67416 

2.06896 

.65798 

1.92380 

.6744^ 

2.07155 

7V 


Vers. 


Ex.  sec. 


.67443 
.67471 
.67498 
.67526 
.67553 
.67581 
.67608 
.67636 
.67663 
.67691 
.67718 

.67746 
.67773 

.67801 
.67829 
.67856 
.67884 
.67911 
.67939 
.67966 
.67994 

.68021 
.68049 
.68077 
.68104 
.68132 
.68159 
.68187 
.68214 
.68242 
.68270 

.68297 
.68325 
.68352 
.68380 
.6^08 
.68435 
.68463 
.68490 
.68518 
.68546 

.68573 
.68601 
.68628 
.68656 
.68684 
.68711 
.68739 
.68767 
.68794 
.68822 

.68849 
.68877 
.68905 
.68932 
.68960 
.68988 
.69015 
.69043 
.69071 
.69098 


2.07155 
2.07415 
2.07675 
2.07936 
2.08197 
2.08459 
2.08721 
2.08983 
2.09246 
2.09510 
2.09774 


2. 
2. 
2. 
2. 
2. 
2. 


.10038 
.10803 
.10568 
.10884 
.11101 
.11367 
2.11686 
2.11903 
2.12171 
2.12440 

2.12709 
2.12979 
2.13249 
2.13520 
2.13791 
2.14063 
2.14335 
2.14608 
2.14881 
2.15155 

2.15429 
2.15704 
2.15979 
2.16255 
2.16631 
2.16808 
2.17085 
2.17363 
2.17641 
2.17920 

2.18199 
2.18479 
2.18759 
2.19040 
2.19322 
2.19604 
2.19886 
2.20169 
2.20453 
2.20737 

2.21021 
2.21306 
2.21592 
2.21878 
2.22165 
2.22452 
2.22740 
2.23028 
2.23317 
2.23607 
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72- 

Vers. 

Ex.  sec. 

.69096 

2.23607 

.69126 

2.23897 

.69154 

2.24187 

.69181 

2.24478 

.69009 

2.24770 

.69237 

2.25062 

69261 

2.25356 

.69292 

2.25648 

69320 

2.25942 

69347 

226237 

69375 

2.26531 

69403 

2.26827 

69430 

2.27123 

69458 

2.27420 

.69486 

2.27717 

69514 

2.28015 

69541 

2.28313 

69569 

2.28612 

69597 

2.28912 

69624 

2.29212 

.69652 

2.29512 

69680 

2.29814 

.69708 

2.30115 

.69735 

2.30118 

69763 

2.30rai 

69791 

2.31024 

.69818 

2.31328 

69846 

2.31633 

69874 

2.31989 

69902 

2.32244 

69929 

2.32551 

.69957 

2.33858 

69985 

2.33166 

.70013 

2.33474 

.70040 

2.33783 

70068 

2.34092 

70096 

2.34403 

70124 

2.34713 

70151 

2.35025 

70179 

2.35336 

70207 

2.35649 

70S86 

2.35962 

70263 

2.36276 

70290 

2.36590 

' 

70318 

2.36905 

70346 

2.37221 

70374 

2.37537 

70401 

2.37864 

70429 

2.38171 

70457 

2.38489 

70485 

2.38806 

70513 

2.39128 

70540 

2.39448 

70568 

2.39768 

70596 

2.40089 

70624 

2.40411 

70652 

2.40734 

70679 

2.41057 

70707 

2.41381 

70735 

2.41705 

* 

70763 

2.42080 

78" 


Vers. 


.70763 
.70791 
.70818 
.70646 
.70874 
.70902 
.70900 
.70958 
.70965 
.71013 
.71041 

.71069 
.71097 
.71125 
.71153 
.71180 
.71206 
.71236 
.71204 
.71292 
.71320 

.71848 
.71875 
.71403 
.71431 
.71459 
.71487 
.71515 
.71543 
.71571 
.71596 

.71628 
.71664 
.71682 
.71710 
.71738 
.71766 
.71794 
.71822 
.71850 
.71877 

.71905 
.71938 
.71961 
.71989 
.72017 
.72045 
.72078 
.72101 
.72129 
.72157 

.72185 
.72213 
.72241 

.72269 
.72296 
.72324 
.72352 
.72380 
.72408 
.72436 


Ex.  sec. 


2.42000 
2.42356 
2.42683 
2.43010 
2.48387 
2.48666 
2.43995 
2.44324 
2.44665 
2.44966 
2.46317 

2.45660 
2.46983 
2.46316 
2.46661 
2.46966 
2.47321 
2.47658 
8.47995 
2.48333 
2.48671 

2.49010 
2.49350 
2.49691 
2.50032 
2.50374 
2.50716 
2.61060 
2.51404 
2.61748 
2.62094 

2.52440 
2.52787 
2.53184 
2.63482 
2.58831 
2.54181 
2.54531 
2.54883 
2.55235 
2.56587 

2.55940 
2.56294 
2.66649 
2.67005 
2.57361 
2.57718 
2.58076 
2.58434 
2.58794 
2.59154 

2.59514 
2.59876 
2.60288 
2.60601 
2.60965 
2.61330 
2.61695 
2.62061 
2.62428 
2.62790 


74' 


Vers. 

Ex.  sec. 

.72436 

8.62796 

.72464 

2.63164 

.72492 

8  68638 

.72520 

2.63903 

.72548 

2.64274 

.72576 

2.64645 

.72604 

8.65018 

.72682 

2.66891 

.72660 

2.65766 

.72688 

8.66140 

.72716 

8.66616 

.72744 

2.66882 

.72772 

2.67269 

.72800 

2.67647 

.72888 

2.68026 

.72656 

2.68406 

.72864 

2.68785 

.72912 

2.69167 

.72940 

2.69549 

.72968 

2.69931 

.72990 

2.70815 

.73024 

2.70700 

.73052 

2.71065 

.73080 

2.71471 

.73108 

2.71858 

.73136 

2.72246 

.73164 

2.72685 

.73192 

2.73024 

.73220 

2.73414 

.73248 

2.78806 

.73276 

2.74196 

.73304 

2.74591 

.73332 

2.74964 

.73360 

2.76379 

.73388 

2.75VV6 

.73416 

2.76171 

.73444 

2.76568 

.73472 

2.76966 

.73500 

2.77365 

.73529 

2.77766 

.73567 

2.78166 

.73585 

2.78668 

.73613 

2.78970 

.73641 

2.79874 

.73669 

2.79778 

.73697 

2.80183 

.73725 

2.80589 

.73753 

2.80996 

.73781 

2.81404 

.73809 

2.81813 

.73837 

2.82823 

.73865 

2.82683 

.73893 

2.83045 

.73921 

2.83457 

.73950 

2.83871 

.73978 

2.84285 

.74006 

2.84700 

.71034 

2.86116 

.74062 

2.86688 

.74090 

2.85951 

.74118 

2.86370 

750 

Vers. 

Ex.  sec. 

.74118 

2.86870 

.74146 

2.86790 

.74174 

2.87211 

.74202 

2.87688 

.74231 

2.88066 

.74259 

2.88479 

.74287 

8.88901 

.74316 

8.89380 

.74343 

8.89756 

.74871 

8.90184 

.74399 

2.90613 

.74427 

2.91012 

.74456 

2.91473 

.74484 

2.91904 

.74512 

2.92387 

.74540 

2.92770 

.74568 

2.93201 

.74696 

8.93640 

.74624 

2.94076 

.74652 

2.94514 

.74680 

2.94952 

.74709 

2.95392 

.74787 

2.95832 

.74765 

2.96274 

.74793 

2.96716 

.74821 

2.97160 

.74849 

2.97604 

.74878 

2.96050 

.74906 

2.98497 

.74984 

2.96944 

.74962 

8.99883 

.74990 

8.99643 

.75018 

8.00893 

.75047 

3.00745 

.75075 

3.01196 

.75108 

8.01658 

.75181 

8.081O7 

.75159 

3.08568 

.75187 

3.08080 

.75216 

3.03479 

.75244 

3.03988 

.75272 

3.04888 

.75300 

3.04860 

.76328 

3.05322 

.75866 

3.05786 

.75886 

3.06861 

.75418 

3.06717 

.75441 

8.07184 

.75469 

3.07652 

.75497. 

3.06121 

.75G2& 

3.06681 

.75564 

3.09063 

.75582 

3.09535 

.76610 

3.10009 

.75689 

3.10484 

.76667 

3.10960 

.75695 

3.11487 

.75728 

3.11915 

.757B1 

3.12894 

.75780 

3.12875 

.75808 

3.18857 

0 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
}18 
19 

ao 

21 
22 

23 
84 

25 
26 
27 
28 
29 
30 

31 
82 
33 
31 
35 
36 
37 
38 
39 
40 

41 
42 
43 
41 
45 
46 
47 
48 
49 
50 

61 
62 
63 
64 
56 
66 
57 
56 
60 
60 
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TABLE  XXIX.— NATURAL  VERSED  SINES  AND  EXTERNAL   SECANTS 


76« 


Vers. 


0 
1 
2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
^ 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
88 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
66 
57 
58 
59 
60 


L 


.75808 
.75836 
.75864 
.75892 
.75921 
.75949 
.75977 
.76005 
.76034 
.76062 
.76090 

.76118 
.76147 
.76175 
.76203 
.76281 
.76260 
.76288 
.76316 
.76844 
.76873 

.76401 
.76429 
.76458 
.76486 
.76514 
.76542 
.76571 
.76599 
.76627 
.76655 

.76684 
.76712 
.76740 
.76769 
.76797 
.76825 
.76854 
.76882 
.76910 
.76938 

.76967 
.76995 
.77023 
.77052 
.77080 
.77108 
.77137 
.77165 
.77193 
.77222 

.77250 
.77278 
.77307 
.77835 
.77863 
.77392 
.77420 
.77448 
.77477 
.77505 


Ex.  sec. 


3. 
3. 


3.13357 
8.13889 
8.14328 
3.14809 
3.15295 
3.15782 
3.16271 
8.16761 
8.17252 
3.17744 
3.18238 

3.18733 
3.19228 
3.19725 
3.20224 
.20723 
21224 
3.21726 
3.22229 
8.22734 
3.28289 

3.23746 
3.24255 
8.24764 
3.25275 
3.25787 
3.26800 
3.26814 
8.27330 
3.27847 
3.28366 

8:28885 
3.29406 
8.29929 
3.80452 
3.30977 
3.31503 
3.32031 
8.32560 
3.83090 
8.33622 

3.34154 
8.84689 
3.35224 
3.85761 
3.36299 
3.36839 
3.37380 
3.37923 
3.38466 
3.39012 

3.39558 
3.40106 
3.40656 
8.41206 
8.41759 
8.42312 
8.42867 
3.48424 
3.43982 
3.44641 


77* 


Vers. 


Ex.  sec. 


.77505 
.77583 

.77562 
.77590 
.77618 
.77647 
.77675 
.77703 
.77732 
.77760 
.77788 

.77817 
.77845 
.77874 
.77902 
.77930 
.77959 
.77987 
.78015 
.78044 
.78072 

.78101 
.78129 
.78157 
.78186 
.78214 
.78242 
.78271 
.78299 
.78328 
.78856 

.78384 
.78418 
.78441 
.78470 
.78498 
.78526 
.78555 
.78583 
.78612 
.78640 

.78669 
.78697 
.78725 
.78764 
.78782 
.78811 
.78889 
.78868 
.78896 
.78924 

.78953 
.78981 
.79010 
.79088 
.79067 
.79095 
.79128 
.79152 
.79180 
.79209 


8.44541 
3.45102 
3.45664 
3.46228 
3.46798 
3.47360 
8.47928 
3.48498 
8.49069 
8.49642 
8.60216 

8.60791 
8.51368 
3.51947 
3.52527 
8.53109 
3.53692 
3.54277 
8.64863 
3.55451 
3.56041 

8.56632 
3.57224 
3.57819 
8.58414 
3.59012 
3.59611 
3.60211 
3.60813 
8.61417 
3.62028 

3.62630 
3.63238 
8.63849 
3.61461 
3.65074 
3.65690 
8.66307 
3.66925 
3.67545 
3.68167 

8.68791 
3.69417 
3.70044 
3.70678 
3.71303 
3.71935 
3.72569 
8.73205 
3.'J'3843 
3.74482 

3.75128 
8.75766 
3.76411 
8.77057 
3.77705 
3.78355 
3.79007 
8.79661 
3.80316 
3.80978 


78-= 


Vers. 


.79209 
.79287 
.79266 
.79294 
.7932?. 
.79351 
.79380 
.79408 
.79487 
.79465 
.79493 

.79522 
.79550 
.79579 
.79607 
.79636 
.79664 
.79693 
.79721 
.79750 
.79778 

.79807 
.79835 
.79864 
.79892 
.79921 
.79949 
.79978 
.80006 
.80035 
.80063 

.80092 
.80120 
.80149 
.80177 
.80206 
.80234 
.80263 
.80291 
.80320 
.80348 

.80377 
.80406 
.80434 
.80462 
.80491 
.80520 
.80548 
.80577 
.80605 
.80634 

.80662 
.80691 
.80719 
.80748 
.80776 
.80805 
.80688 
.80862 
.80891 
.80919 


Ex.  sec. 


8.80978 
3.81638 
3.82294 
3.82956 
8.83621 
3.84288 
3.84956 
3.85627 
3.86299 
8.86973 
3.87649 

3.88327 
3.89007 
3.89689 
3.90378 
8.91058 
3.91746 
8.92486 
3.93128 
3.93821 
3.94517 

3.95215 
3.95914 
3.96616 
3.97320 
3.98025 
3.98788 
3.99443 
4.00155 
4.00669 
4.01585 

4.02303 
4.03024 
4:03746 
4.04471 
4.05197 
4.05926 
4.06657 
4.07390 
4.08125 
4.08863 

4.09602 
4.10344 
4.11088 


.11&% 
,12583 
,13334 
,14087 
,14842 
,15599 
,16359 

17121 
,17886 
,18652 
,19421 
20198 
20966 
,21742 
,22521 
23301 
.24064 


79'> 

Vers. 

Ex.  sec. 

.80919 

4.24084 

.80948 

4.24870 

.80976 

4.25658 

.81006 

4.26448 

.81038 

4.27241 

.81062 

4.28036 

.81090 

4.28833 

.81119 

4.29634 

.81148 

4.30436 

.81176 

4.31241 

.81205 

4.32049 

.81283 

4.82859 

.81262 

4.33671 

.81290 

4.34486 

.81819 

4.35304 

1  .81348 

4.36124 

.81376 

4.86947 

.81405 

4.37772 

.81438 

4.38600 

.81462 

4.39480 

.81491 

4.40268 

.81519 

4.41099 

.81548 

4.41987 

.81576 

4.42778 

.81606 

4.43622 

.81683 

4.44468 

.81662 

4.45317 

.81691 

4.46169 

.81719 

4.47028 

.81748 

4.47861 

.81776 

4,48740 

.81805 

4.49603 

.81884 

4.60468 

.81862 

4.51387 

.81891 

4.52208 

.81919 

4.53081 

.81948 

4.58958 

.81977 

4.54837 

.82005 

4.55720 

.82084 

4.56605 

.82068 

4.57493 

.82091 

4.58883 

.82120 

4.59277 

.82148 

4.60174 

.82177 

4.61073 

.82206 

4.61976 

.82284 

4.62881 

.82263 

4.63790 

.82292 

4.64701 

.82320 

4.65616 

.82349 

4.66533 

.82377 

4.67454 

.82406 

4.68377 

.82485 

4.69304 

.82463 

4.70284 

.82492 

4.71166 

.82521 

4.7^102 

82549 

4.73041 

.82578 

4.73988 

.82607 

4.74929 

.826a5 

4.75877 

Uqi] 
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IBLE  XXUC^NATURAL  VERSED  SINES  AND  EXTERNAL  SECANTS. 


/ 

w 

Vers. 

Ex.  sec. 

0 

.83635 

4.75877 

1 

.82601 

4.76829 

2 

.82692 

4.rr784 

3 

.82721 

4.7^42 

4 

,   .82750 

4.79703 

5 

.82778 

4.80667 

6 

.82807 

4.81635 

7 

.82836 

4.82606 

8 

.82864 

4.83581 

9 

.82893 

4.84558 

10 

.82922 

4.^*1539 

11 

.82950 

4.86584 

12 

.82979 

4.87511 

13 

.83008 

4.88502 

14 

.83036 

4.89497 

15 

.83065 

4.90495 

IG 

.83094 

4.91496 

17 

.asi22 

4.92501 

18 

.83151 

4.9.3509 

19 

.83180 

4.94521 

20 

.83208 

4.95536 

21 

.83237 

4.965S5 

22 

.8:i266 

4.97577 

Zi 

.83294 

4.98603 

24 

.83323 

4.99633 

25 

.83a52 

5.00066 

26 

.83380 

5.01703 

27 

.8.^409 

5.02743 

28 

.8*438 

5.(W787 

29 

.83467 

5.048:i4 

30 

.is^m 

5.05886 

31 

.83524 

6.06&il 

32 

.8355;^ 

5.08000 

3;^ 

.83581 

5.09062 

U 

.83610 

5.10129 

35 

.a3639 

5.11199 

36 

.83667 

5.12273 

37 

.83696 

5.13350 

38 

.837^ 

5.14432 

39 

.83754 

5.15517 

40 

.83782 

5.16607 

41 

.83811 

5.17700 

42 

.83840 

5.18797 

43 

.a3868 

5.19898 

44 

.a3897 

5.21004 

45 

.8:5926 

5.22113 

46 

.a3954 

5.23226 

47 

.8:3983 

5.24:i48 

48 

.84012 

5.2M64 

49 

.84041 

5.26590 

50 

.84069 

5.27719 

51 

.84098 

5.28853 

52 

.84127 

6.2^)991 

53 

.84155 

5.31133 

54 

.84184 

5.32279 

55 

.84213 

5.33429 

56 

.84242 

5.34584 

57 

.84270 

5.a5743 

58 

.842<)9 

5.36906 

50 

.84328 

5.38073 

60 

.84;»7 

5.39245 

81< 


.^4357 
.84385 
.84414 
.84443 
.84471 
.84500 
.84529 
.84558 
.84586 
.84615 
.8K>44 

.84673 
.84701 

.84730 
.a4759 
.84788 
.81816 
.84845 
.84874 
.84903 
.a4931 

.84960 
.84989 
.85018 
.85046 
.85075 
.&5104 
.&5133 
.85162 
.85190 
.85219 

.85248 
.85277 
.85306 
.S>334 
.85363 
.85398 
.85420 
.85449 
.85478 
.85507 

.86536 
.85564 
.8559:3 
.85622 
.85651 
.85680 
.85708 
.85737 
.85766 
.85795 

.85833 
.85852 
.8-5881 
.85910 
.85939 
.85967 
.85996 
.86025 
.86054 
.86083 


5.39245 
5.40422 
5.41602 
5.42787 
5.43977 
5.46171 
5.46360 
5.47572 
5.48779 
5.49991 
5.51208 

6.S2429 
5.53655 
5.54886 
5.56121 
6.57361 
5.58606 
5.59H55 
6.61110 
5.6?^369 
6.69633 

6.64902 
5.66176 
5.67454 
5.68738 
5.70027 
5.71321 
6.72620 
6.78924 
5.75233 
J. 76547 

5.77866 
5.79191 
6.80521 
5.81856 
6.83196 
6.84542 
6.85893 
5.87250 
5.88612 
5.89979 

6.91352 
6.92731 
6.94115 
6.95505 
6.9(]9(X) 
5.98301 
5.99708 
0.01120 
6.025:38 
6.03962 

6.06892 

6.06828 
6.08209 
6.09717 
6.11171 
6.12630 
6.14096 
6.15568 
6.17046 
6.185:30 


82» 

Vers. 

Ex.  sec. 

.86083 

6.18530 

.86112 

6.20020 

.86140 

6.21517 

.86169 

6.23019 

.86198 

6.21529 

.86227 

6.26044 

.86256 

6.27566 

.86284 

6.29095 

.86313 

6.80630 

.86342 

6.82171 

.86371 

6.88710 

.86400 

6.85274 

.86428 

6.86835 

.86457 

6.38408 

.86486 

6.89978 

.86515 

6.41560 

.86544 

6.43148 

.86573 

6.44743 

.86601 

6.46:346 

.86630 

6.47955 

.86659 

6.49571 

.86688 

6.61104 

.86717 

6.52825 

.86746 

6. .54462 

.86774 

6.56107 

.86803 

6.57759 

.86832 

6.59418 

.86861 

6.61085 

.86890 

6.62759 

.8tJ91» 

6.64441 

.86047 

6.66180 

.86976 

6.07826 

.87005 

6.69530 

.870a4 

6.71242 

.87063 

6.72962 

.87092 

6.74689 

.87120 

6.76424 

.87149 

6.78167 

.87178 

6.79918 

.87207 

6.81677 

.87236 

6.8^43 

.87265 

6.85218 

.87294 

6.87001 

.87822 

6.88792 

.87351 

6.90592 

.87380 

6.92400 

.87409 

6.94216 

.87438 

6.96040 

.87467 

6.97878 

.87496 

6.99714 

.87524 

7.01665 

.87553 

7.08423 

.87582 

7.05291 

.87611 

7.07167 

.87640 

7.09052 

.87669 

7.10946 

.87698 

7.12849 

.87720 

7.14760 

.87r55 

7.16681 

.87784 

7.18612 

.87813 

7.20551 

83* 


Vers. 


.87813 
.87842 
.87871 
.87900 
.87929 
.87957 
.87986 
.88015 
.88044 
.88073 
.88102 

.88181 
.88160 
.88188 
.88217 
.88246 
.88275 
.88804 
.88388 
.88362 
.88391 

.88420 
.88448 
.88477 
.88506 
.88535 
.88564 
.88593 
.88622 
.88651 
.88680 

.88709 
.88787 
.88766 
.88795 
.88824 


.88911 
.88040 
.88969 

.88996 
.89027 
.89055 
.89084 
.89113 
.89142 
.89171 
.89200 
.89229 
.89258 

.89287 
.89816 
.89845 
.80874 
.80408 
.80481 
.80460 
.80480 
.89518 
.80547 


Ex.  sec. 


7.20551 
7.22500 
7.24467 
7.26425 
7.28402 
7.8i888 
7.32864 
7.84800 
7.86406 
7.88481 
7.40466 


42511 
44566 
46682 
48707 
50703 


7. 

7 

7 

7, 

7, 

7, 

7.54006 

7.67113 

7.59241 

7.61870 

7.63528 
7.66688 
7.67860 
7.70041 

7.72884 
7.74438 
7.78658 
7.78880 
7.81118 
7.88867 

7.86628 
7,87901 
7.00186 
7.02482 
7.04701 
7.97111 

8.01788 
8.04146 
8.06515 

8.08807 
8.11292 
8.18690 
8.16120 
8.18668 
8.20000 
8.23450 
8.25S31 
8.28417 
8.80017 

8.83430 
8.85057 
8.88407 
8.41062 
8.48620 
8.46208 
8.48800 
8.61411 
8.54087 
8.56677 


0 
1 
2 
3 

4 
6 
6 
7 
8 
0 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
83 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 

44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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PABLE    XXIX.— NATUKAL  VERSED  SINES  AND  EXTERNAL   SEOANil 


r 

84- 

86« 

86" 

/ 

9 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

Vers. 

Ex.  sec. 

0 

.89547 

8.56677 

.91284 

10.47371 

.93024 

18.33559 

0 

1 

.89576 

8.59332 

.91313 

10.51199 

.93053 

18.39547 

1 

2 

.89605 

8.62002 

.91842 

10.55052 

.93082 

13.45586 

2 

3 

.89684 

8.64687 

.91371 

10.58932 

.93111 

13.51676 

3 

4 

.89663 

8.67887 

.91400 

10.62837 

.93140 

18.57817 

4 

5 

.89692 

8.70103 

.91429 

10.66769 

.93169 

13.64011 

6 

6 

.89721 

8.72838 

.91458 

10.70728 

.93198 

18.70258 

6 

7 

.89750 

8.75579 

.91487 

10.74714 

.93227 

13.76558 

7 

8 

.89/79 

8.78341 

.91516 

10.78727 

.93257 

13.82918 

8 

9 

.89808 

8.81119 

.91645 

10.85*768 

.93286 

13.89323 

9 

10 

.89886 

8.83912 

.91574 

lC.d6837 

.93315 

18.95788 

10 

11 

.89865 

8.86722 

.91603 

10.90934 

.93344 

14.02310 

11 

12 

.89694 

8.89547 

.91632 

10.95060 

.93373 

14.08890 

12 

18 

.89928 

8.92389 

.91661 

10.99214 

.93402 

14.15527 

13 

14 

.89952 

C.95248 

.91690 

11.03397 

.98431 

14.22283 

14 

15 

.89981 

8.98128 

.91719 

11.07610 

.93460 

14.28979 

15 

16 

.90010 

9.01015 

.91748 

11.11852 

.93489 

14.35795 

16 

17 

.90039 

9.03923 

.91777 

11.16125 

.aS518 

14.42672 

17 

18 

.90068 

9.06849 

.91806 

11.20427 

.98547 

14.49611 

18 

19 

.90097 

9.09792 

.9ia35 

11.24761 

.98576 

14.56614 

19 

20 

.90126 

9.12752 

.91864 

11.29125 

.93605 

14.63679 

20 

21 

.90155 

9.15730 

.91893 

11.33521 

.93634 

14.70810 

21 

22 

.90184 

9.18725 

.91922 

11.87948 

.93668 

14.78005 

22 

23 

.90213 

9.21739 

.91951 

11.42408 

.98692 

14.85268 

23 

21 

.90242 

9.24770 

.91980 

11.46900 

.93721 

14.92597 

24 

25 

.90271 

9.27819 

.92009 

11.51424 

.93750 

14.99995 

25 

26 

.90800 

9.30887 

.9201^ 

11.55982 

.93779 

15.07462 

26 

27 

.90329 

9.33973 

.92067 

11.60572 

.93808 

15.14999 

27 

28 

.90858 

9.37077 

.92090 

11.65197 

.93887 

15.22607 

28 

29 

.90386 

9.40201 

.92125 

11.69856 

.93866 

15.80287 

29 

30 

.90415 

9.43348 

.92154 

11.74560 

.98895 

15.38041 

30 

81 

.90444 

9.46505 

.92183 

11.79278 

.93924 

15.45869 

81 

32 

.90473 

9.49685 

.92212 

11.84(M2 

.93958 

15.53772 

32 

33 

.90508 

9.52886 

.92241 

11.88841 

.93.082 

15.61751 

33 

31 

.90531 

9.56106 

.92270 

11.93677 

.94011 

15.69808 

84 

35 

.90560 

9.59346 

.92299 

11.98549 

.94040 

15.77944 

85 

36 

.90589 

9.62605 

.92328 

12.03458 

.94069 

15.86159 

86 

37 

.90618 

9.65885 

.921^57 

12.08040 

.94098 

15.94456 

37 

38 

.90647 

9.69186 

.92386 

12.13388 

.94127 

16.02885 

38 

39 

.90676 

9.72507 

.92415 

12.18411 

.94156 

16.11297 

39 

40 

.90705 

9.75849 

.92444 

12.28472 

.94186 

16.19848 

40 

41 

.90734 

9.79212 

.92473 

12.28572 

.94215 

16.28476 

41 

42 

.90763 

9.82596 

.92502 

12.88712 

.94244 

16.37196 

42 

43 

.90792 

9.86001 

.92531 

12.38891 

.94273 

16.46005 

43 

44 

.90821 

9.89428 

.92560 

12.44112 

.94302 

16.54903 

44 

45 

.90850 

9.92877 

.92589 

12.49373 

.94381 

16.63893 

45 

46 

.90879 

9.96348 

.92618 

12.54676 

.94360 

10.72975 

46 

47 

.90908 

9.99841 

.92fr47 

12.60021 

.94389 

16.82152 

47 

48 

.90937 

10.0.3;35G 

.92076 

12.65408 

.94418 

16.91424 

48 

49 

.90966 

10.06894 

.92705 

12.70888 

.9^47 

17.00794 

49 

50 

.90995 

10.10455 

.92734 

12.76312 

.94476 

17.10262 

50 

51 

.91024 

10.14039 

.92763 

12.81829 

.94505 

17.19830 

51 

52 

.91053 

10.17646 

.92^-92 

12.87391 

.94534 

17.29501 

52 

58 

.91082 

10.21277 

.92821 

12.92999 

.94563 

17.39274 

53 

54 

.91111 

10.24932 

.92850 

12.98651 

.94592 

17.49153 

54 

55 

.91140 

10.28610 

.92879 

13  04850 

.94621 

17.59139 

55 

56 

.91169 

10.32313 

.93908 

13.10096 

.94650 

17.69283 

56 

57 

.91197 

10.36040 

.92937 

13.1.5889 

.94679 

17.79438 

57 

58 

.91226 

10.39702 

.92966 

13.21730 

.94708 

17.89755 

58 

59 

.91355 

10.43569 

.92995 

13.27620 

.94737 

18.00185 

59 

60 

.91284 

10.47371 

.93024 

13.38559 

.94766 

18.10732 

60 
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'ABLE  ZXIX— NATUEAL  VEB8ED  SINES  AND  EXTSBNAL  SECANTa 


/ 

87* 

Vers. 

1 — 
Ex.  sec. 

0 

.M766 

18.10782 

1 

.94795 

18.21897 

2 

.94825 

18.82183 

3 

.94854 

18.43088 

4 

.91883 

18.54119 

5 

.94913 

18.65376 

6 

.94941 

18.76560 

7 

.94970 

18.87976 

8 

.94999 

18.99534 

9 

.95028 

19.11206 

10 

.95057 

19.28028 

11 

.95086 

19.84989 

12 

.95115 

19.47098 

13 

.95144 

19.59841 

14 

.95173 

19.71787 

15 

.95202 

19.84288 

16 

.95231 

19.96983 

17 

.95260 

20.09888 

18 

.95289 

20.22862 

19 

.95318 

20.86027 

20 

.95347 

20.49368 

21 

.95377 

20.62876 

22 

.95106 

20.76665 

23 

.95435 

20.90409 

24 

.95464 

21.04440 

25 

.95493 

21.18658 

26 

.95522 

21.33050 

27 

.95551 

21.47685 

28 

.95580 

21.62413 

29 

.95609 

21.77886 

80 

.95688 

21.92569 

31 

.95667 

22.07985 

32 

.95696 

22.28630 

33 

.95725 

22.89816 

34 

.95754 

22.55829 

35 

.95783 

22.71568 

86 

.95812 

22.88022 

37 

.95842 

23.04712 

38 

.95871 

23.21637 

39 

.95900 

23.38802 

40 

.95929 

23.56212 

41 

.95958 

23.73878 

42 

.95987 

23.91790 

48 

.96016 

24.09969 

44 

.90045 

24.28414 

45 

.96074 

24.47184 

46 

.96103 

24.66132 

47 

.96132 

24.85417 

48 

.96161 

25.04994 

49 

.96190 

25.24869 

50 

.96219 

25.45051 

51 

.96248 

25.65546 

52 

.96277 

25.86360 

53 

.96307 

26.07508 

54 

.96336 

26.28981 

55 

.96365 

26.50804 

56 

.96394 

26.72978 

57 

.96423 

26.95513 

58 

.96452 

27.18417 

59 

.96481 

27.41700 

60 

.96510 

27.65371 

880 

Vers. 

Ex.  sec. 

.96510 

27.65871 

.96689 

87.80440 

.96568 

28.13917 

.96697 

28.38818 

.96636 

28.64187 

.96666 

88.89903 

.96684 

39.16130 

.96714 

39.43803 

.96743 

39.69960 

.96773 

29.97607 

.96801 

80.35768 

.96880 

80.64435 

.96869 

80.88633 

.06000 

81.18866 

.96917 

81.48671 

.96946 

81.74554 

.96975 

82.06080 

.97004 

82.88118 

.97083 

32.70635 

.97068 

88.04199 

.97093 

83.38333 

.97131 

33.73953 

.97150 

84.08380 

.97179 

84.44689 

.97308 

84.81463 

.97837 

85.19141 

.97366 

85.67638 

.97395 

35.96953 

.97834 

36.37137 

.97853 

36.78185 

.97883 

37.30155 

.97411 

37.68068 

.97440 

88.06957 

.97470 

38.51855 

.97499 

38.97797 

.97528 

89.44830 

.97557 

89.93963 

.97586 

40.43266 

.97615 

40.93772 

.97644 

41.44625 

.97678 

41.97671 

.97702 

42.51961 

.97781 

43.07746 

.97760 

43.64980 

.97789 

44.23720 

.97819 

44.84026 

.97848 

46.45963 

.97877 

46.09696 

.97906 

46.74997 

.97985 

47.42241 

.97964 

48.11406 

.97998 

48.(i«J576 

.98022 

49.55840 

.98051 

50.31290 

.98080 

51.09027 

.98109 

51.89156 

.98138 

52.71790 

.98168 

58.57046 

.98197 

54.45053 

.98226 

55.a'5946 

.98256 

56.29669 

89» 

Vera 

Ex.  sec. 

.96356 

66.89609 

.96284 

67.36976 

.98313 

58.27431 

.98843 

50.31411 

.96871 

60.89105 

.96400 

61.50715 

.96429 

68.66460 

.98468 

63.86672 

.96487 

65.11904 

.98517 

66.40987 

.96646 

67.75736 

.98675 

69.16047 

.96604 

70.62386 

.98683 

72.14683 

.96662 

73.78686 

.98691 

75.39655 

.98720 

77.13874 

.96749 

78.94968 

.96778 

80.85315 

.98807 

83.84947 

.98836 

84.94661 

.98866 

87.14934 

.ooo96 

89.46886 

.96984 

91.91887 

.96968 

94.49471 

.98962 

97.88808 

.99011 

100.1119 

.99040 

103.1757 

.99069 

106.4311 

.99096 

109.8966 

.99127 

113.6930 

.99166 

117.6444 

.99186 

181.7780 

.99815 

126.8353 

.99344 

131.3233 

.99278 

136.5111 

.99802 

148.2406 

.99381 

148.4684 

.99360 

156.3683 

.99389 

162.7033 

.99418 

170.8688 

.99447 

179.9860 

.99476 

189.9868 

.99605 

201.2212 

.99585 

218.8600 

.99564 

226.1889 

.99593 

844.5640 

.99622 

863.4427 

.99661 

285.4795 

.99680 

811.5280 

.99709 

342.7752 

.99788 

880.9733 

.99767 

438.7187 

.99796 

490.1070 

.99825 

571.9581 

.99855 

686.5496 

.  V<7oo4 

858.4369 

.99913 

1144.916 

.99942 

1717.874 

.99971 

8486.747 

1.00000 

Infinite  1 

0 

1 

2 
8 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
84 
85 
86 
87 
88 
89 
SO 

31 
82 
33 
34 
35 
36 
37 
38 
39 
40 

41 
48 
43 
44 
46 
46 
47 
48 
49 
50 

51 
58 
53 
54 
55 
56 
57 
58 
59 
60 
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TABLE  XXX.~CUBIC  YARDS  PER  100  FEET.    SLOPES  H  *•  1- 


I>epth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

22 

24 

26 

28 

1 

45 

53 

60 

68 

82 

90 

97 

105 

2 

93 

107 

122 

137 

167 

181 

196 

211 

8 

142 

163 

186 

208 

253 

275 

297 

819 

4 

193 

222 

252 

281 

341 

870 

400 

480 

6 

245 

282 

819 

356 

431 

468 

505 

542 

6 

300 

844 

389 

433 

522 

567 

611 

656 

7 

856 

408 

460 

512 

616 

668 

719 

771 

8 

415 

474 

583 

593 

711 

770 

830 

869 

0 

475 

542 

608 

675 

806 

875 

942 

1008 

10 

687 

611 

686 

759 

907 

961 

1056 

1130 

11 

601 

682 

764 

845 

1008 

1090 

1171 

1253 

12 

667 

756 

844 

933 

nil 

1200 

1289 

1378 

IS 

784 

881 

926 

1023 

1216 

1812 

1406 

1505 

14 

804 

907 

1010 

1115 

1322 

1426 

1580 

1638 

15 

875 

986 

1096 

1208 

1431 

1542 

1653 

1764 

16 

948 

1067 

1184 

1804 

1541 

1659 

1778 

1896 

17 

1023 

1149 

1274 

1401 

1653 

1779 

1905 

2031 

18 

1100 

1283 

1866 

1600 

1767 

1900 

2083 

2167 

19 

1179 

1319 

1460 

1601 

1882 

2023 

2164 

2805 

20 

1259 

1407 

1565 

1704 

2000 

2148 

2296 

21 

1342 

1497 

1663 

1808 

2119 

2275 

2431 

2586 

22 

1428 

1589 

1752 

1915 

2241 

2404 

2567 

2730 

23 

1512 

1682 

1853 

2023 

2864 

2684 

2705 

2875 

24 

1600 

1778 

1955 

2133 

2489 

2667 

2844 

8022 

25 

1690 

1875 

2060 

2245 

2616 

2801 

2966 

3171 

26 

1781 

1974 

2166 

2350 

2744 

2987 

8130 

83?2 

27 

1875 

2075 

2274 

2475 

2875 

8075 

3275 

8475 

28 

1970 

2178 

2884 

2593 

8007 

8215 

3422 

3680 

20 

2068 

2282 

2496 

2712 

8142 

8856 

8571 

3786 

80 

2167 

2889 

2610 

2833 

8278 

8500 

8722 

8944 

31 

2268 

2497 

2726 

2966 

8416 

8645 

8875 

4105 

82 

2370 

2607 

2844 

8081 

8556 

8793 

4080 

4267 

83 

2475 

2719 

2964 

3206 

8697 

8942 

4186 

4481 

84 

2581 

2883 

8065 

3337 

8841 

4093 

4344 

4596 

85 

2690 

2949 

3208 

8468 

8966 

4245 

4505 

4764 

86 

2800 

3067 

8833 

3600 

4133 

4400 

4667 

4933 

87 

2912 

3186 

8460 

3734 

4262 

4656 

4831 

5105 

88 

8026 

3807 

3589 

3870 

4483 

4715 

4996 

5278 

89 

3142 

3481 

3719 

4006 

4586 

4875 

5164 

5453 

40 

8259 

3556 

8852 

4148 

4741 

5037 

6338 

5680 

41 

8879 

8682 

8986 

4290 

4897 

5201 

5505 

5808 

42 

8500 

8811 

4122 

4433 

6056 

5367 

5678 

5989 

43 

3628 

8942 

4260 

4579 

5216 

6584 

5863 

6171 

44 

8748 

4074 

4400 

4726 

5378 

5704 

6030 

6356 

45 

8875 

4208 

4541 

4875 

5542 

5875 

6206 

6542 

46 

4004 

4344 

4684 

5026 

5707 

6048 

6869 

6730 

47 

4184 

4482 

4830 

5179 

5875 

6223 

6571 

6919 

48 

4267 

4622 

4978  1 

5888 

6044 

6400 

6756 

7111 

49 

4401 

4764 

6127 

5490 

6216 

6579 

6949 

7306 

fiO 

4637 

4907 

5278 

5648 

6889 

6759 

7130 

7500 

61 

4675 

5053 

5480 

5806 

6564 

6942 

7819 

7697 

52 

4815 

5200 

5584 

5970 

6741 

7126 

7511 

7896 

58 

4956 

5349 

5741 

6134 

6919 

7812 

7705 

8097 

64 

5100 

5500 

5900 

6300 

7100 

7600 

7900 

8800 

55 

5245 

5653 

6060 

6468 

7282 

7690 

8097 

8505 

56   ' 

5393 

5807 

6222 

6637 

7467 

7881 

8296 

8ni 

67 

5542 

5964 

6886 

6806 

7653 

8075 

6497 

8919 

58 

5693 

6122 

6552 

6061 

7841 

8270 

8700 

9130 

60 

5845 

6282 

6719 

7156 

8061 

8468 

8005 

9342 

60 

eooo 

6444 

6889 

7333 

8222 

8667 

9111 

9566 
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TABLE  XXX.— CUBIC  YARDS  PER  100  FEET.     SLOPES  }4  :  1. 


Depth 

Base 

Base 

d 

12 

14 

1 

46 

54 

2 

96 

HI 

3 

150 

172 

4 

207 

2:^7 

5 

269 

306 

6 

833 

878 

7 

402 

4M 

8 

474 

6:^3 

9 

550 

617 

10 

630 

704 

U 

713 

794 

12 

800 

869 

13 

891 

987 

14 

965 

1069 

15 

1083 

1194 

16 

1185 

1304 

17 

1291 

1417 

18 

1400 

1533 

19 

1513 

16&4 

20 

1680 

1778 

21 

1750 

1906 

22 

1874 

2087 

23 

2003 

2172 

24 

2133 

2311 

25 

2269 

24M 

26 

2407 

2600 

27 

2550 

2750 

28 

2696 

2904 

29 

2846 

8061 

30 

8000 

8222 

31 

3157 

3887 

32 

8319 

3556 

83 

S4a3 

3728 

34 

3652 

8904 

35 

3824 

4088 

36 

4000 

4267 

37 

4180 

4454 

38 

4368 

4&44 

39 

4550 

4839 

40 

4741 

5037 

41 

4936 

5239 

42 

5133 

5444 

43 

5335 

5654 

44 

5541 

5«(J7 

45 

5750 

etm 

46 

5963 

6304 

47 

6180 

6528 

48 

&400 

6766 

49 

6624 

6987 

50 

6852 

7222 

51 

7063 

7461 

52 

7319 

7704 

53 

7557 

7960 

54 

7800 

8200 

55 

8046 

8454 

56 

8296 

8711 

57 

8550 

8972 

58 

8807 

9237 

59 

9009 

9506 

60 

9333 

9778 

Base 

Base 

Base 

Base 

Base 

Base 

16 

18 

22 

24 

26 

28 

61 

69 

83 

91 

98 

106 

126 

141 

170 

185 

200 

215 

194 

217 

261 

263 

306 

828 

267 

296 

356 

865 

415 

444 

^3 

380 

454 

491 

528 

565 

422 

467 

556 

600 

fr^ 

689 

606 

557 

661 

713 

765 

817 

593 

652 

770 

830 

869 

948 

663 

750 

8K3 

950 

1017 

1083 

778 

852 

1000 

1074 

1148 

122:^ 

876 

957 

1120 

1302 

1283 

1365 

978 

1067 

1»U 

1833 

1422 

1511 

1063 

1180 

1372 

1469 

1565 

1661 

1193 

1296 

1504 

1607 

1711 

1815 

1306 

1417 

1689 

1750 

1861 

1972 

1422 

1541 

1779 

1896 

2015 

2183 

1543 

1669 

1920 

2046 

2172 

2298 

1667 

1800 

2067 

2200 

2383 

2467 

1794 

lass 

2217 

2357 

2498 

2639 

1928 

2074 

2370 

2519 

2667 

2815 

2061 

2217 

2528 

26a3 

2839 

2994 

2200 

2363 

2669 

2652 

8015 

8178 

2^43 

2518 

2654 

8024 

8194 

3365 

2489 

2667 

3022 

8200 

3378 

3556 

2639 

2624 

3194 

3880 

8565 

3750 

2793 

2985 

8370 

a5G3 

8756 

3948 

2950 

8150 

8550 

3750 

8950 

4151 

8111 

8819 

8783 

8941 

4148 

4356 

8276 

8491 

3920 

4135 

4350 

4505 

3444 

8667 

4111 

4383 

4566 

4778 

8617 

8846 

4806 

4535 

4765 

4994 

3793 

4030 

4604 

4741 

4978 

5215 

897^2 

4217 

4706 

4950 

5194 

6439 

4156 

4407 

4911 

6163 

6415 

5667 

4343 

4602 

6120 

6860 

6689 

5808 

4533 

4800 

5833 

6600 

6867 

6183 

4728 

5002 

5550 

68^ 

6096 

6372 

4926 

5207 

6770 

6052 

6333 

6615 

5128 

M17 

6994 

6263 

6572 

6861 

5383 

6630 

6222 

6519 

6815 

7111 

5543 

5846 

6454 

6757 

7061 

7865 

5756 

6067 

6689 

7000 

7311 

7622 

5972 

6291 

6928 

7246 

7565 

7883 

6193 

6519 

7170 

7496 

7822 

8146 

fr417 

6750 

7417 

7750 

8083 

8417 

C644 

6985 

7667 

8007 

8348 

8669 

6876 

7224 

7920 

8269 

8617 

8965 

7111 

?^ 

8178 

8583 

^ 

9244 

7a50 

8435i 

8602 

9S28 

7593 

7963 

87&4 

9074 

9444 

9815 

7889 

8217 

8972 

9860 

9728 

10106 

8089 

8474 

9244 

9680 

10015 

10400 

8^43 

8735 

9520 

9913 

10906 

10608 

8600 

9000 

9600 

10200 

10600 

11000 

8861 

9269 

10083 

10491 

10896 

11906 

9126 

9541 

10370 

10785 

11200 

11615 

9394 

9817 

10661 

11083 

11506 

11928 

9667 

10096 

10956 

11385 

11815 

12244 

9J)43 

10;380 

11254 

11691 

12128 

12565 

10222 

10667 

• 

11556 

12000 

12444 

12889 

[4961 


TABLE  XXX.-CUBIC  YARDS  PER  lOQ  FEET.     SLOPES  1  :  1. 


Depth 

Base 

Base 

d 

12 

14 

1 

48 

56 

2 

104 

119 

8 

167 

189 

4 

237 

267 

5 

815 

352 

6 

400 

444 

7 

493 

544 

8 

593 

652 

9 

700 

767 

10 

815 

889 

11 

937 

1019 

12 

1067 

1156 

13 

1204 

1300 

14 

1348 

1452 

15 

1500 

1611 

16 

1659 

1778 

17 

1826 

1952 

18 

2000 

2133 

19 

2181 

2322 

20 

2370 

2519 

21 

2567 

2722 

22 

2770 

2933 

23 

2981 

8152 

24 

8200 

a378 

25 

3426 

8611 

26 

8659 

8852 

27 

3900 

4100 

28 

4148 

4356 

29 

4404 

4619 

30   , 

4667 

4889 

81 

4937 

5167 

82 

5215 

5432 

83 

5500 

5744 

84 

5793 

6044 

85 

6093 

6352 

86 

6400 

6667 

37 

6715 

6989 

88 

7037 

7319 

89 

7367 

7656 

40 

7704 

8000 

41 

8048 

8352 

42 

8400 

8711 

43 

8759 

9078 

44 

9126 

9452 

45 

9500 

9833 

46 

9881 

10222 

47 

10270 

10619 

48 

10667 

11022 

49 

11070 

11433 

60 

11481 

11852 

61 

11900 

12278 

62 

12320 

12711 

53 

12759 

13152 

54 

13200 

13600 

55 

13G48 

14056 

50 

14104 

145W 

57 

14567 

14969 

58 

15087 

15467 

59 

15616 

15952 

60 

16000 

16444 

Base 

Base 

Base 

16 

18 

20 

C3 

70 

78 

133 

148 

163 

211 

233 

256 

296 

826 

356 

389 

426 

468 

489 

583 

578 

596 

648 

700 

711 

770 

830 

833 

900 

967 

963 

1037 

nil 

1100 

1181 

1263 

1244 

1333 

1422 

1396 

1493 

1589 

1556 

1659 

1763 

1722 

1833 

1944 

1896 

2015 

2133 

2078 

2204 

2830 

2267 

2400 

2533 

2463 

2604 

2744 

2667 

2815 

2963 

2878 

8033 

3189 

8096 

3259 

3422 

8322 

8493 

3663 

8556 

8733 

3911 

8796 

3981 

4167 

4044 

4237 

4430 

4800 

4500 

4700 

4563 

4770 

4978 

4833 

5048 

5263 

5111 

5333 

5556 

5396 

5626 

5856 

5689 

5926 

6163 

5989 

6233 

6478 

6296 

6548 

6800 

6611 

6870 

7130 

6933 

7200 

7467 

7263 

7537 

7811 

7600 

7881 

8163 

7944 

8288 

8522 

8296 

8593 

8889 

8666 

8959 

9268 

9022 

9333 

9644 

9396 

9715 

10038 

9778 

10104 

10430 

10167 

10500 

10838 

10563 

10904 

11244 

10967 

11316 

11663 

11378 

11788 

12069 

11796 

12169 

12622 

12222 

12593 

12963 

12656 

13033 

13411 

13096 

13481 

13867 

13544 

13937 

14330 

14000 

14400 

14800 

14463 

14870 

15278 

14933 

15348 

15768 

15411 

15833 

16256 

15896 

16326 

16756 

16389 

16826 

17263 

16880 

17883 

17778 

Base 
28 


Base 
80 


Base 
32 


107 

222 

844 

474 

611 

756 

907 

1067 

1238 

1407 

1589 
1778 
1974 
2178 
2889 
2607 
2833 
3067 
8307 
8556 

8811 
4074 
4344 
46:22 
4907 
6200 
5500 
5807 
6122 
6444 

6774 
7111 
7456 
7807 
8167 
8533 
8907 
9289 
9678 
10074 

10478 
10889 
11307 
11733 
12167 
12607 
13056 
18511 
13974 
14444 

14922 
15407 
15900 
16400 
16907 
17422 
17944 
18474 
19011 
19566 


115 

237 

367 

504 

648 

800 

959 

1126 

1300 

1481 

1670 
1867 
2070 
2281 
2500 
2726 
2959 
8200 
3448 
8704 

8967 
4237 
4515 
4800 
5093 
5393 
5700 
6015 
6a37 
6667 

7004 
7348 
7700 
8059 
8426 
8800 
9181 
9570 
9967 
10870 

10781 
11200 
11626 
12059 
12500 
12948 
18404 
18867 
14387 
14815 

15300 
15793 
16293 
16800 
17315 
17837 
18367 
18904 
19448 
2000U 


122 

262 

889 

533 

685 

844 

1011 

1185 

1367 

1656 

1752 
1956 
2167 
2885 
2611 
2844 
8085 
8338 
3589 
3852 

4122 
4400 
4685 
4978 
5278 
6586 
5900 
6222 
6552 
6889 

7283 
7585 
7944 
8311 
8685 
9067 
9456 
9852 
10256 
10667 

11085 
11611 
11944 
12885 
12833 
13289 
13752 
14222 
14700 
16186 

15678 
16178 
16685 
17200 
17722 
18252 
18789 
19333 
19885 
20444 


[407] 


TABLE  XXX. — CUBIC  TABDB  PBR  100  FBST.      SLOPES  I4  :  1. 


Depth 

Base 

Bade 

Base 

Base 

Base 

• 
Bafie 

Base 

Base 

d 

12 

14 

16 

18 

20 

• 

28 

80 

32 

1 

49 

56 

64 

71 

79 

108 

116 

123 

2 

107 

132 

187 

162 

167 

226 

241 

256 

8 

175 

197 

219 

242 

364 

353 

375 

397 

4 

252 

281 

311 

341 

370 

489 

519 

548 

5 

838 

375 

413 

449 

486 

634 

671 

708 

6 

438 

478 

622 

567 

611 

789 

833 

«78 

7 

588 

590 

642 

694 

745 

953 

1005 

1056 

8 

652 

711 

770 

830 

889 

1126 

1185 

1244 

9 

775 

842 

906 

975 

1042 

1308 

1375 

1442 

10 

907 

981 

1056 

1130 

1204 

1500 

1574 

1648 

11 

1049 

1131 

1312 

1294 

1875 

1701 

1782 

1864 

13 

1200 

1289 

1378 

1467 

1556 

1911 

2000 

d089 

18 

1360 

1456 

1658 

1649 

1745 

2131 

2327 

2323 

14 

1530 

16:)3 

1787 

1841 

1944 

2369 

2463 

2567 

15 

1708 

1819 

1931 

2043 

2153 

2597 

2706 

2819 

16 

1896 

2015 

2133 

2252 

2870 

2844 

2963 

8061 

17 

3094 

2219 

2845 

2471 

2597 

3101 

3227 

3353 

18 

2300 

2433 

2567 

2700 

2833 

8867 

8500 

9633 

19 

2516 

2656 

2797 

2938 

3079 

3642 

3782 

d&2Si 

dO 

3741 

2889 

8037 

8185 

3833 

8926 

4074 

4:2:32 

21 

2976 

8181 

3286 

3442 

3697 

4220 

4375 

4531 

22 

8219 

8881 

3544 

8707 

3870 

4522 

4685 

4848 

28 

8471 

8642 

3812 

3982 

4168 

4834 

50O5 

5175 

24 

8738 

8911 

4089 

4267 

4444 

5156 

5338 

5611 

25 

4005 

4190 

4875 

4560 

4745 

6486 

5971 

5856 

26 

4285 

4478 

4670 

4868 

5056 

6826 

6019 

6211 

27 

4575 

4775 

4975 

5176 

6375 

6175 

6375 

6575 

28 

4874 

6081 

5289 

6496 

5704 

65::3 

6741 

6948 

29 

5182 

581)7 

6612 

5827 

6042 

6901 

7116 

7331 

80 

6500 

5722 

5944 

6167 

6389 

7278 

7500 

7722 

81 

6827 

6056 

6286 

6616 

6745 

7664 

7894 

8123 

3d 

6163 

6400 

6637 

6874 

7111 

8059 

8296 

8533 

88 

6508 

6753 

6997 

7242 

7486 

8464 

8708 

8863 

34 

6863 

7115 

7867 

7619 

7870 

8878 

9180 

9381 

35 

7227 

7486 

7745 

8005 

8264 

9301 

9560 

9819 

36 

7600 

7867 

8183 

8400 

8667 

9738 

10000 

10267 

87 

7982 

8256 

8631 

8805 

9079 

10176 

10449 

10723 

88 

8374 

8656 

8937 

9219 

9500 

10626 

10907 

lllh9 

89 

8775 

9064 

9853 

9642 

9931 

11086 

11875 

11664 

40 

9185 

9481 

9778 

10074 

10870 

11566 

11853 

12148 

41 

9606 

9906 

10212 

10516 

10319 

13034 

12838 

13642 

42 

10083 

10344 

10656 

10967 

11278 

12622 

12838 

18144 

48 

10471 

10790 

11106 

11437 

11745 

18020 

13838 

18656 

44 

10919 

11244 

1157t) 

11896 

12222 

13526 

13852 

14178 

45 

11375 

11708 

12042 

12375 

12708 

14042 

14375 

14708 

46 

11841 

12181 

12522 

12863 

13204 

146OT 

14907 

15248 

47 

13316 

12664 

18012 

13:^60 

13708 

15101 

15449 

15797 

48 

12800 

13156 

13511 

13867 

14222 

15644 

16000 

16356 

49 

18294 

13656 

14019 

14:-i82 

14745 

16197 

16560 

16923 

50 

18796 

14167 

14537 

14907 

15278 

16769 

17180 

17500 

51 

14308 

14686 

15064 

15442 

15819 

17881 

17708 

1808>3 

52 

14830 

15215 

15600 

16985 

16370 

17911 

18296 

18681 

53 

15360 

15758 

16146 

16538 

16931 

18501 

18894 

19286 

54 

15900 

1630O 

16700 

17100 

17500 

19100 

19500 

19900 

55 

16449 

16856 

17264 

17671 

18079 

19708 

20116 

20523 

56 

17007 

17422 

178:37 

18252 

18667 

20826 

20741 

21156 

57 

17576 

17997 

18419 

18442 

19264 

30958 

21375 

21797 

58 

18152 

18581 

i-goii 

19441 

19870 

21589 

22019 

22448 

59 

18738 

19175 

19613 

20049 

20486 

22284 

23671 

28106 

60 

19333 

19778 

20222 

20667 

21111 

22889 

23388 

28778 

[498J 


TABLE  XXX— CUBIC  YARDS  PER  100  FEET.     SLOPES  Ij^  :  1. 


I>eptih 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

80 

S2 

1 

60 

67 

65 

72 

80 

109 

117 

124 

2 

111 

126 

141 

156 

170 

230 

244 

259 

8 

183 

206 

228 

250 

272 

361 

383 

406 

4 

267 

296 

326 

866 

3a5 

504 

683 

563 

6 

361 

398 

435 

472 

609 

657 

694 

731 

6 

467 

511 

556 

600 

644 

822 

867 

911 

7 

683 

635 

687 

739 

791 

998 

1050 

1102 

8 

711 

770 

830 

889 

948 

1185 

1244 

1304 

9 

860 

917 

963 

1050 

1116 

1383 

1450 

1517 

10 

1000 

1074 

1148 

1222 

1296 

1593 

1667 

1741 

11 

1161 

1243 

1324 

1406 

1487 

1813 

1894 

1978 

12 

1333 

1422 

1511 

1600 

1689 

2044 

2133 

2222 

18 

1617 

1613 

1709 

1806 

1902 

2287 

2383 

2480 

14 

1711 

1815 

1919 

2022 

2126 

2541 

2644 

8748 

16 

1917 

2028 

2139 

2250 

2361 

2806 

2917 

8026 

16 

2188 

2252 

2370 

2489 

2607 

3061 

3200 

8319 

17 

2361 

2487 

2613 

2739 

2865 

3369 

8494 

3620 

18 

2600 

2733 

2867 

3000 

3138 

3667 

8800 

3933 

39 

2860 

2991 

3131 

3272 

3413 

8976 

4117 

4257 

20 

8111 

8259 

8407 

3556 

3704 

4296 

4444 

4692 

21 

8383 

8589 

8604 

3860 

4005 

4628 

-  4788 

4939 

22 

8667 

8880 

8998 

4156 

4818 

4970 

6183 

6296 

28 

8961 

4181 

4302 

4472 

4642 

5324 

6494 

5665 

24 

4267 

4444 

4622 

4800 

4978 

5689 

5867 

6044 

25 

4683 

4769 

4954 

5139 

5324 

6065 

6250 

6485 

26 

4911 

5104 

6296 

5489 

6681 

6462 

6644 

6887 

27 

6260 

5450 

5660 

5850 

6060 

6850 

7060 

7S50 

28 

6600 

6807 

6016 

6222 

6430 

7259 

7467 

7674 

29 

5961 

6176 

6391 

6606 

6820 

7880 

7894 

8109 

ao 

6888 

6656 

6778 

7000 

7222 

8111 

8888 

8655 

81 

6717 

6946 

7178 

7406 

7685 

8554 

8788 

9013 

83 

7111 

7348 

7585 

7822 

8059 

9007 

9244 

9482 

83 

7517 

7761 

8006 

8260 

8494 

9472 

9717 

9962 

84 

7963 

8185 

8487 

8689 

8941 

9948 

10200 

10462 

85 

8361 

8620 

8880 

9139 

9396 

10435 

10694 

10954 

86 

8800 

9067 

9333 

9600 

9667 

10933 

11200 

11467 

87 

9260 

9524 

9796 

10072 

10846 

11443 

11717 

11991 

88 

9711 

9998 

10274 

10556 

10637 

11963 

12244 

12626 

80 

10183 

10472 

10761 

11050 

11339 

12494 

12783 

18072 

40 

10667 

10968 

11259 

11566 

11862 

18037 

18383 

13630 

41 

11161 

11465 

117B9 

12072 

12876 

13591 

18894 

14198 

42 

11667 

11978 

12289 

12600 

12911 

14156 

14467 

14778 

48 

12188 

12502 

12820 

13139 

13467 

14731 

16060 

16869 

44 

12711 

13087 

13363 

18689 

14015 

15319 

15644 

16970 

45 

13290 

13583 

13917 

14260 

14683 

15917 

16250 

16683 

46 

13800 

14141 

14481 

14822 

16163 

16626 

16867 

17207 

47 

14361 

14709 

16057 

15406 

15754 

17146 

17494 

17843 

48 

14988 

16289 

15644 

16000 

16856 

17778 

18188 

18489 

49 

15517 

16880 

16248 

16606 

16968 

18420 

18783 

19146 

60 

16111 

16481 

16852 

17222 

17592 

19074 

19444 

19615 

51 

16717 

17094 

17472 

17860 

18228 

19789 

20117 

20494 

62 

17833 

17719 

18104 

18489 

18874 

20416 

20800 

21185 

68 

17961 

18364 

18746 

19139 

19531 

21102 

21494 

21887 

64 

18600 

19000 

19400 

19800 

20200 

21800 

22200 

22600 

65 

19250 

19657 

20066 

20472 

20880 

22509 

22917 

28324 

66 

19911 

20326 

20741 

21166 

21670 

28230 

23644 

24059 

67 

20588 

21006 

21428 

21850 

22272 

23961 

24383 

24805 

68 

21267 

21696 

22126 

22556 

22966. 

24704 

25183 

25563 

69 

21961 

22396 

22885 

23272 

23709 

25457 

25894 

26832 

60 

22667 

23111 

23566 

24000 

24444 

26222 

26667 

27111 
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TABLE  XXX. — CUBIC  TABD8  FKU  lOO  FEET.      BIjOFBS  2   .*  1. 


Depth 

Bam 

Base 

Base 

Base 

Base 

Ba«e 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

80 

82 

1 

62 

69 

67 

74 

81 

111 

119 

126 

2 

119 

188 

148 

168 

178 

287 

252 

267 

8 

200 

222 

244 

267 

289 

878 

400 

422 

4 

296 

826 

856 

885 

415 

588 

568 

593 

5 

407 

444 

481 

519 

556 

704 

741 

778 

6 

538 

578 

622 

667 

ni 

889 

938 

978 

t 

674 

726 

778 

880 

881 

1089 

1141 

1193 

8 

880 

889 

948 

1007 

1067 

1804 

1368 

1422 

9 

1000 

1067 

1133 

1200 

1267 

1538 

1600 

1667 

10 

1185 

1259 

1383 

1407 

1481 

1778 

1852 

1926 

11 

1886 

1467 

1648 

1680 

1711 

2087 

2119 

2200 

12 

1600 

1689 

1778 

1867 

1956 

2811 

2400 

2489 

18 

1880 

1926 

2022 

2119 

2215 

2600 

2696 

2793 

14 

2074 

2178 

2281 

2885 

2489 

2904 

8007 

3111 

15 

2388 

2444 

2556 

2667 

2778 

8222 

8838 

8444 

16 

2607 

2726 

2844 

2963 

8061 

8556 

8674 

8793 

17 

2896 

8022 

8148 

3274 

8400 

3904 

4060 

4156 

18 

a;dOO 

8833 

8467 

8600 

8783 

4267 

4400 

4533 

19 

3519 

8659 

8800 

3941 

4081 

4644 

4786 

4926 

20 

8852 

4000 

4148 

4296 

4444 

6067 

5185 

5333 

21 

420a 

4856 

4611 

4667 

4822 

5444 

6600 

5766 

22 

4568 

4780 

4889 

5052 

6215 

5867 

6030 

6193 

28 

4941 

5111 

5281 

5452 

5022 

6804 

6474 

6644 

24 

6333 

6611 

5689 

5867 

6044 

6756 

6938 

7111 

25 

5741 

5926 

6111 

6296 

6481 

7222 

7407 

7593 

26 

6163 

6856 

6548 

6741 

6988 

7704 

7896 

8089 

27 

6600 

6800 

7000 

7200 

7400 

8200 

8400 

8600 

28 

7052 

7259 

7467 

7674 

7881 

8711 

8919 

9126 

29 

7519 

77.S8 

7948 

8168 

8878 

9287 

9452 

9667 

80 

8000 

8222 

8444 

8667 

8889 

9778 

10000 

10222 

31 

8496 

8726 

8956 

9185 

9415 

10888 

10568 

10793 

32 

9007 

9244 

9481 

9719 

9956 

10904 

11141 

11878 

88 

9533 

9778 

10022 

10267 

10511 

11489 

11733 

11978 

84 

10074 

10326 

10578 

10680 

11061 

12069 

13841 

12593 

35 

10630 

10889 

11148 

11407 

11667 

12704 

12963 

13222 

86 

11200 

11467 

11738 

12000 

12267 

18883 

18600 

18867 

87 

11785 

12059 

12833 

12607 

12881 

18978 

14252 

145S6 

88 

12385 

12667 

12948 

18230 

18611 

14637 

14919 

15200 

89 

13000 

18289 

18578 

18867 

14156 

15811 

15600 

15889 

40 

18630 

18926 

14222 

14519 

14815 

16000 

16296 

16593 

41 

14274 

14578 

14881 

15185 

15489 

16704 

17007 

17311 

42 

14U38 

15244 

155&6 

15867 

16178 

17422 

17783 

18044 

43 

15607 

15926 

16224 

16568 

16881 

18156 

18474 

18793 

44 

16296 

16622 

16948 

17274 

17600 

18904 

19280 

19556 

45 

17000 

17383 

17667 

18000 

18883 

19667 

20000 

20833 

46 

17719 

18059 

18400 

18741 

19061 

20444 

20785 

21126 

47 

1845;{ 

18800 

19148 

19496 

19844 

21287 

21585 

21983 

48 

19200 

19556 

19911 

20267 

20622 

22044 

22400 

22756 

49 

19963 

20326 

20689 

21052 

21415 

22867 

23280 

23593 

50 

20741 

20711 

21481 

21852 

22222 

28704 

24074 

24444 

51 

2U83 

21911 

22289 

22667 

28044 

24656 

24983 

25811 

52 

22.341 

22726 

23111 

23496 

28881 

25422 

25807 

26193 

53 

23163 

23566 

28948 

24341 

24788 

26804 

26696 

27089 

54 

24000 

»4400 

24800 

25200 

25600 

27200 

27600 

28000 

55 

24852 

26259 

25667 

26074 

26481 

28111 

28519 

28926 

56 

25719 

26138 

26548 

26963 

27376 

29087 

29452 

29867 

67 

26600 

27092 

27444 

27867 

28289 

29978 

80400 

80622 

58 

27496 

27926 

28856 

28785 

29215 

80983 

81863 

81793 

59 

28407 

28844 

29281 

29719 

80166 

81904 

82841 

82778 

60 

29883 

29778 

30222 

80667 

81111 

82889 

88888 

88778 

[soo] 


TABLE  ZZX— CUBIO  YABDS  FEB  100  FEET.     SLOPES  8  :  1. 


Depth 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

d 

12 

14 

16 

18 

20 

28 

30 

32 

1 

56 

63 

70 

78 

85 

115 

122 

180 

2 

183 

148 

163 

178 

198 

262 

267 

281 

3 

233 

256 

278 

300 

322 

411 

433 

456 

4 

856 

885 

415 

444 

474 

693 

622 

eat 

5 

500 

537 

574 

611 

648 

796 

883 

870 

6 

667 

711 

756 

800 

844 

1022 

1067 

nil 

7 

856 

907 

959 

1011 

1068 

1270 

1823 

1874 

8 

1067 

1126 

1185 

1244 

1804 

1541 

1600 

1659 

9 

1800 

1367 

1433 

1500 

1567 

1833 

1900 

1967 

10 

1566 

1630 

1704 

1778 

1852 

2148 

2222 

2296 

11 

1883 

1915 

1996 

2078 

2159 

2485 

2567 

2648 

J« 

2133 

2222 

2311 

2400 

2489 

2344 

2933 

8022 

13 

2456 

2552 

2648 

2744 

2841 

8226 

8322 

8419 

14 

2800 

2904 

3007 

3111 

8215 

3680 

8733 

3837 

15 

3167 

3278 

8889 

3500 

8611 

4056 

4167 

4278 

16 

8556 

3674 

8793 

3911 

4080 

4504 

4622 

4741 

17 

3967 

4093 

4219 

4344 

4470 

4974 

5100 

5226 

18 

4400 

4533 

4667 

4800 

4983 

5467 

5600 

5783 

19 

4866 

4996 

6187 

5278  . 

.  6419 

5981 

6122 

6263 

20 

5333 

5481 

5630 

5778 

^6926 

6519 

.  6667 

6815 

21 

6833 

6989 

6144 

6300 

6466 

7078 

7283 

7389 

22 

6356 

6519 

6681 

6844 

7007 

7659 

7822 

7985 

23 

6900 

7070 

7241 

7411 

7581 

8268 

8433 

8504 

24 

7467 

7644 

7822 

8000 

8178 

AOOQ 
OOOv 

9067 

9144 

25 

8056 

8241 

8426 

8611 

8796 

9537 

9722 

9807 

26 

8667 

8859 

9052 

9244 

9437 

10207 

10400 

10693 

27 

9300 

9500 

9700 

9900 

10100 

10900 

11100 

11800 

28 

9966 

10163 

10870 

10578 

10785 

11615 

11822 

12080 

29 

10633 

10848 

11063 

11278 

11493 

12352 

12567 

12781 

30 

11338 

11556 

11778 

12000 

12222 

18111 

13833 

13556 

31 

12056 

12286 

12615 

12744 

12974 

18893 

14122 

14352 

32 

12800 

13037 

13274 

13511 

18748 

14696 

14938 

15170 

33 

13567 

13811 

14056 

14300 

14544 

15522 

15767 

16011 

34 

14356 

14607 

14859 

15111 

15363 

16370 

16622 

16874 

35 

15167 

16426 

15C85 

15944 

16204 

17241 

17500 

17759 

36 

16000 

16267 

16583 

16800 

17067 

i8ias 

18400 

18667 

37 

16856 

17130 

17404 

17678 

17952 

19048 

19822 

19596 

38 

17733 

18015 

18296 

18578 

18859 

19985 

20267 

20648 

39 

18683 

18922 

19211 

19500 

19789 

20944 

21238 

21622 

40 

19556 

19852 

20148 

20444 

20741 

21926 

22222 

22516 

41 

20500 

20804 

21107 

21411 

21715 

22930 

23238 

28587 

42 

21467 

21778 

22089 

2^400 

22711 

23956 

24267 

24578 

43 

22456 

22774 

23093 

23411 

23730 

25004 

25322 

25641 

44 

23467 

23793 

24119 

24444 

24770 

26074 

26400 

26726 

45 

24500 

24833 

25167 

25500 

25833 

27167 

27500 

27888 

46 

25556 

25896 

26237 

26578 

26919 

28281 

28622 

28963 

47 

26633 

26981 

27830 

27678 

28026 

29419 

29767 

80115 

48 

27738 

28069 

28444 

28800 

29156 

30578 

80988 

81289 

49 

28866 

29219 

29681 

29944 

80807 

81759 

32122 

82485 

50 

30000 

80370 

30741 

31111 

31481 

82963 

33333 

33704 

.   51 

31167 

31544 

31922 

32300 

82678 

84189 

34567 

34944 

52 

32356 

32741 

83126 

83511 

33S96 

3M37 

35822 

36207 

63 

83567 

83959 

34352 

34744 

35137 

86707 

3noo 

87493 

54 

34800 

85200 

35600 

36000 

36400 

88000 

38400 

38800 

55 

86056 

36468 

86870 

37278 

87685 

89315 

39722 

4C130 

56 

87388 

37748 

88168 

38578 

88993 

40652 

41067 

41481 

57 

88683 

89056 

39478 

39900 

40322 

42011 

42438 

42866 

58 

39966 

40385 

40815 

41244 

41674 

43898 

43822 

44252 

59 

41800 

41737 

42174 

42611 

43048 

44796 

45288 

46670 

60 

42667 

43111 

43556 

44000 

44444 

46222 

46667 

47111 
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TABLE  XZXL—USEFUL  NUMBERS  A2n>  FOBMULJC 


Title. 


Ratio  of  circumference  to  diameter 

Reciprocal  of  same 

Degrees  in  arc  of  length  equal  to  radius 

Minutes     "  '       "  •*        "        "    .... 

Seconds     "  "  "         "         "    .... 

Length  of  1*  arc,  radius  unity. 

Length  of  1' arc,     "         "    

Length  of  1' arc,      "         "    

Radius  by  which  1  foot  of  arc  =  1  degree. 
Radius  *'  "  ^  "  **  ==  1  minute. 
Radius  "       "     j^  *'       **      =  10  seconds 

Factors  for  dividing  a  line  into  extreme  | 
and  mean  ratio ) 

Base  of  hyperbolic  logarithms 

Modulus  of  common  system  of  logs.  =  log  e 

Reciprocal  of  same  s  hyp.  log.  10 

Length  of  seconds  pendulum  at  New  York 
in  inches 

Length  of  seconds  pendulum  at  New  York 
in  feet 

Acceleration  due  to  graTity  at  New  York. . 

Square  root  of  same 

Yards  in  1  metre 

Feet     in  1     "     

Inches  in  1     "    

Metres  in  Ifoot 

Metres  in  1  yard 

1  in  1  mile 

[Soa] 


Sjrmbol. 

Number. 

Loga- 
rithm. 

n 

8.1415027 

0.4071499 

2_ 

0.8183099 

9.5028501 

180» 
It 

57.396780 

1.7681226 

lOfiOO' 
TC 

8437.7468 

8.6862789 

648000- 

n 

206264.81 

6.8144251 

Tt 

180« 

.01745829 

8.2418774 

TC 

ooQ2aom 

6.4687261 
4.6866749 
1.7681226 

10600 
TC 

000004B48 

048000 

67.295780 

343.77468 

2.6882739 

206.26481 

2.8144251 

O.618084O 

9.7910124 

0.3810660 

0.6600248 

e 

2.7182818 

0.4842045 

U 

0.4842945 

9.6877848 

1 

2.8025851 

0.8622167 

80.11256 

1.6928162 

3.25938 

0.618185O 

Q 

32.1688 

1.5074847 

^ 

5.67175 

0.7587173 

1.093623 

0.0388676 

8.280669 

0.5159689 

89.37043 

1.5951701 

0.304797 

9.4840111 

0.914892 

9.9611824 

1609.880 

8.2066450 

TABLE  XXXI.— USEFUL  NUMBERS  AND  FORMULiE. 


Title. 

Symbol. 

Number. 

Loga- 
rithm. 

Cubic  inches  in  1  U.  S.  srallon 

231. 

2.3686120 

**          **      "   1  ImDerial  srallon 

277.274 

2.4429092 

"          "      *»   1  U.  S.  bushel 

2150.42 
0. 183681 

8.3325233 

Cubic  feet  in  1  U.  S.  erallon 

9.1260683 

'*         •*    "  1  Imperial  gallon 

0.160459 

9.2053655 

"         "    "  1  U.  S.  bushel 

1.244456 

0.0949796 

Weight  of  1  cub.  foot  of  water,  barom.  80  in. 

ther.  SQ^.Sa  Fah. ;  pounds. . 

62.379 

1.7950384 

«      ggO                " 

62.321 

1.7946349 

Weight  in  grains,  1  cubic  inch,  at  62«  Fah. . 

252.468 

2.4021892 

No.  of  crains  in  1  pound  avoir 

7000. 

8.8450960 

"       "       "1  ounce      "    

437.5 

2.6409781 

r  =  radius  of  circular  arc; 

I    =  length  of  arc; 

a*  =  degrees  in  same  arc. 


a®  5=  — 


I    180O 
r 


r  = 


7C 


I  =  a^r . 


180» 


a' 
Radius  by  which  the  length  of  chord  c  in  feet  =  —  in  minutes; 

r  = 


10  sin  ^' 

Hyp.  log  X  =  com.  log  «  X  -r> ,  or 

M 

com.  log  (hyp.  log  x)  =  com.  log  (com.  log  x)  -f  0.862215t 
Com.  log  X  =  Mx  hyp.  log  x  ;  or 

com.  log  (com.  log  x)  =  9.6377843  -f  com.  log  (hyp.  log  x) 

Circumference  of  circle  (radius  =  r) ^Ttr 

Area  of  circle icr* 

Area  of  sector  (length  of  arc  =  I) ^r 


Area  of  sector  (angle  of  arc  =  a**) . 


860 


Approximate  area  of  segment  (chord  =  c,  mid.  ord.  =  m) . . 

[503] 


7tr^ 


APPElfDIX. 


Vsriflcation  of  eq.  (77). 


sin  0  0 

Bq.  (76)  p  = Q  =  sin  0 .  cosec  jr 

sin  — 


d/J  ^  Q        1  0  9 

-g-=  cos  0. cosec--  ■^.  sine,  cot  ■^.  cosec  j^        .76^;:; 


Teriflcation  of  eq.  (81). 
Differentiating  eq.  (76^) 

d*p  0  2  0  0 

-^Qj-  =  —  sin  0  cosec  jj  ~   jr  cos  0  cot  -rr  cosec  -^  H- 

1  0  0  1  0 

-^8in0cot»  -^  cosec -^  + -^  sin  0  cosec*  -^ 

8/3^.  0  /»/  0  B   \ 


•  • 


pi  2  9         1  9  \ 

,^  =P  \  -1-   ]y^  cot0cot  ]^  +  ^(2  cot«  -  4- l)j 


d0« 

[504] 


▲PPEXDIX.  505 


how  r  rs 


dp  d*P 

in  which  substitute  for  -   .^  ,  and  for     .C^  ,  and  let 


cotQ-  jf  cot  ^  a-a 


(/3»  +p«(-a)«)^ 


p«  +  2p'(-a)«  -  ^8  |_  1  -  A  cot  ©  cot^  +  l^(2cot>-|H-l)\ 


-  P 


(1  +  a«)3 


l  +  a«+  -i  cot©. cot   1  --iiCot«  1  -^ 


2 


(1  +  a«)3 


l-ai^  +  a'+  j;^  cot  ^^^oote-   ^  cot  ^) 


j^  p       (l+a«)5 


2 


^-2^  +  *(«-F*^^*|^) 


(1  +  a«) 


} 


•*•     ^  ^    "JT 


^         1  1 

~  aZ^  -  a  cot  G 
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